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INTRODUCTION 

Pursuant to a Comprehensive Environmental Response, Compensation, 

and Liability Act (CERCLA) emergency response action conducted in August 

1985, the United States Environmental Protection Agency (U.S. EPA) 

identified the need for further response action at the U.S. Scrap site, 

in Chicago, Illinois. Consequently, the Ecology and Environment, Inc. 

(E & E), Field Investigation Team (FIT) was tasked by the U.S. EPA to 

conduct a special study (SS) of the U.S. Scrap site. The objectives of 

the SS vexe intended to provide the requisite data to evaluate the 

potential response action and include: 

• Review of existing data and identification of any data 

deficiencies; 

• Characterization of wastes present at the site; 

• Determination of the nature and degree of groundwater, 

surface water, soil, and sediment contamination at and 

adjacent to the site; 

• A^sessnent of the extent of migration of contaminants from 

che site; and 

• Deternination of whether the site poses an imminent or 

long-term hazard to public health, welfare, or the 

environment. 
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The approved SS Scope of Work (E & B June 6, 1986) was prepared by 

the FIT imder Technical Directive Document (TDD) number RO5-8512-02(02A) 

of the Remedial Planning/Field Investigation Team (REK/FIT) Zone II 

Contract 68-01-6692. Study activities were governed by the Quality As

surance Project Plan (QAPP) for Region V FIT-Coaducted Site Inspections " 

(E & E May 11, 1987). A Sampling Plan and Health and Safety Plan vere 

also prepared in accordance with the SS Scope of Work. The SS was 

performed by the FIT for the U.S. EPA under TDD number F05-8611-193 of 

the FIT Zone II Contract 68-01-7347, assigned on Novenber 18, 1986. 

This report is organized into six main sections. Folloving this 

section. Introduction: 

• Section 2 presents background information concerning the 

site. Site background comprises a descriptioa of the site; 

site geography, regional geology, and vater resources 

information; site history; and results of previous investi

gations. 

• Section 3 presents the procedures employed for the field 

activities. 

• Section 4 presents physical and chemical data collected 

during the investigation and subsequent interpretation of 

the data. 

• Section 5 is a discussion of contaminant migration and 

fate. 

• Section 6 provides findings and conclusions concerning the 

nature and extent of contamination at the U.S. Scrap site. 
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SITE BACKGROUND 

2.1 SITE DESCRIPTION 

The U.S. Scrap site is an abandoned drum recycling facility (U.S. 

EPA 1986) located at approximately 12100 South Cottage Grove Avenue in 

southeast Chicago in east Cook County, Illinois (NE1/4NW1/4, sec. 27, 

T.37N., R.14E.). The location of the site is shown in Figures 2-1 and 

2-2. The site occupies approximately 9 acres and is bordered by the 

Chicago and Western Indiana (C & WI) Railroad right-of-way to the vest, 

the Calumet Sewage Treatment Plant of the Metropolitan Sanitary District 

of Greater Chicago (MSD) to the south and east, and S. G. Keyvell, Inc., 

a scrap metal recycling operation, to the north. The land imnediately 

west of the C & WI right-of-way is also owned by the MSD. This MSD 

property is subdivided into two portions. The southern portion consists 

of a recently constructed operational sludge drying area, and the 

northern portion has been landscaped to reflect a wetlands-type habitat. 

Figure 2-3 illustrates the proximity of the U.S. Scrap site to these 

properties. 

Lalce Calumet is situated approximately 1 mile east, and residential 

housing is located within 1/2 mile west and 1 mile south of the U.S. 

Scrap site according to United States Geological Survey (USGS) topo

graphic maps (USGS 1965). 

The site is enclosed by a 7-foot chain-link fence, which was 

constructed as part of the emergency response action in August 1985 

(U.S, BPA 1986). Within the area enclosed by the fence, major site 

features include: 
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• A set of eight concrete silos, each with an approxinate 

height of 65 feet and a diameter of 50 feet. The silos are 

the only intact structures remaining from a malting plant 

which was razed prior to 1975, according to a previous 

investigation performed by STS Consultants Ltd. 7STS) of 

Northbrook, Illinois, on behalf of the State of Illinois 

Attorney General (STS 1982); 

• A waste incinerator which is approximately 35 feet wide by 

125 feet long by 20 feet high; 

• Portions of a loading dock area, which, according to aerial 

photographs, appears to have been part of the malting plant 

structures (U.S. EPA 1952, 1970); 

• A liquid-filled lagoon (approximately 3,000 square feet), 

which appears to be filled with water that is covered with 

an iridescent oily residue; 

• A drainage ditch (3 to 6 feet vide) along the eastern 

border of the site draining into the oo-site lagoon; 

• A 10-incb-diameter abandoned productimi well, open from the 

surface to a depth of approximately 45 feet, which was 

drilled in 1893 to a depth of 1,648 feet (Illinois Depart

ment of Energy and Natural Resources [IDENR] Illinois State 

Water Survey Divisi<» [ISWS] 1987); 

• Two areas that were capped with clay in 1985 to suppress an 

underground fire; and 

• Solid waste and debris of a varied nature remaining froa 

site operations and previous investigations, 

Thsse major site features are illustrated in Figure 2-3. Access to 

the sit5 is from the north via Cottage Grove Avenue, 
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1 .1 SITE GEOGRAPHY 

l . l . X Physiography 

The U,S. Scrap site is located in the southern part of the Chicago 

Lake Plain within the Great Lakes Section of the Central Lowland Physio

graphic Province (Leighton et al. 1948) of Illinois (see FiguFe"2-47.~ 

The Chi:ago lake Plain is generally characterized by a flat surface 

topography which slopes gently toward Lake Michigeui. The exceptionally 

flat surface of the Chicago Lake Plain covers about 450 square miles 

(Willma-i 1971). Minor topographic relief is represented by broad low 

rises tiiat mark the location of former beaches, bars, and spits of 

glacial Lake Chicago; morainic headlands; and resistant knobs of 

Silurian dolomite reefs which protrude through the glacial deposits in 

areas such as Thornton and Stony Island (Villman 1971). Major drainages 

in the Chicago Lake Plain are the Des Plaines River and Sag Channel 

(Leighton 1948). 

Re!Lief across the U.S. Scrap site is approximately 20 feet. A 

topographic high trends north to south on the C & WI right-of-way to the 

west. lx>w points correspond to the drainage ditch running nearly the 

length of the eastern boundary of the site, vhere precipitation runoff 

collect:;. 

Duiring periods of high precipitation, nmoff may breach localized 

holding areas on-site, such as the drainage ditch and lagoon. Runoff 

flows onto MSD property to the east where it may be intercepted by a 

shallow buried supernatant line west of the HSD lagoons, which may be 

able to accept infiltration. 

2.2.2 l^andJJse 

Southeastern Chicago, in the vicinity of Lake Calumet, is a heavily 

industrialized region that has a long history as a disposal area for a 

wide vaiiety of industrial, commercial, and residential wastes according 

to an assessment by the Illinois Environmental Protection Agency (lEPA 

1986). In 1986, the lEPA released the results of a study of the Lake 

Calumet area which indicated the presence of 31 (operating or retired) 

landfili.s and waste handling facilities. Th-e study area, which en

compasses the U.S. Scrap site, was bounded by 95th Street approximately 

17,160 lieet (3 1/4 miles) to the north of the site, Sibley Boulevard 
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SOURCE: ISGS. Wi l lman, 1971 
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approximately 14,520 feet (2 3/4 miles) to the south. Dr. Martin Luther 

King Jr„ Drive and the C & WI Railroad immediately adjacent to the west, 

and the Illinois/Indiana border (Avenue A) approximately 25,080 feet 

(4 3/4 tiiles) to the east. 

In 1985, IDENR identified more than 50 disposal sfles" Tn the~l:ake— 

Calumet area. The disposal sites comprise sanitary landfills, sludge 

settling; ponds, and general refuse dumps. Figure 2-5 shows the loca

tions ol: 17 potential hazardous waste locations within 7 miles of the 

U.S. Scrap site. The disposal methods used and the types of wastes 

believetl to be present at specific sites are presented in Table 2-1. 

Th«i various industrial facilities in this area produce iron, steel, 

chenicals, and construction materials, as well as ship grain, based on a 

report ty IDENR (1985). In addition to waste disposal facilities and 

industry, urban residential areas are present to the west of the 

Illinois Central Railroad, to the north of 115th Street, and to the 

south of 130th Street (USGS 1965, 1963). 

2.2.3 Climate 

-The climate of the Chicago area is continental with warm, humid 

summers and cold, dry winters. Lake Michigan has a moderating local 

influence on tem|>eratures. The mean annual precipitation is 33.5 inches 

(U.S. Department of Commerce 1968). Approximately 67Z of the total 

annual precipitation falls from April through September (Mapes 1979) 

with February having the least precipitation at 1.53 inches. The mean 

annual lake evaporation is 29.5 inches (U.S. Department of Commerce 

1968). 

Mean seasonal temperatures average 25"F in winter and 71"F in 

summer (Napes 1979). The final spring freeze usually occurs before 

April 20, and the first fall freeze usually occurs on or before October 

20 (U.S. Departnent of Commerce 1968). 

2.3 REGIONAL GEOLOGY 

2.3.1 Bedrock Geology 

The Chicago area is situated on a broad, gently sloping structure 

known as the Kankakee Arch, which is composed of Paleozoic bedrock 

fonratioas. The Kankakee Arch is a major regional structure that 
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Tabl* 2-1 

WASTE TTPES AND DISPOSAL METHODS 

AT WASTE SITES REAK U.S. SCRAP 

Sit', NUBb«r Sit* Nan* Wast* Typ* Oisposil N*thod 

3 

4 

5 

6 

7 a-b 

B 

9 

10 

1:L 

i:i 

I'l 

Hi 

I" 

Liquid Dynaaics 

Sharwin Williams 

U.S. Scrap 

P*nn Cantral 

KSD 

Cottag* Grov* Landfill 

Land and Lak*s 

McKasson 

Do1ton Municipal 

Landfill 

CID (forBvcly Calu»«t 

Industrial l>*v*lopa*nt) 

HSD 

119th and Paxton 

U.S. OruB Disposal 

Ch*B-Cl«ar 

SCA Chaaical Sarvic* 

Paxton II 

Intarlak* Landfill 

and Cok* Plant 

Hazardous Wast* 

Raavy Katals 

Ph*nols 

Hazardous Wast* 

Hazardous Wast* 

Municipal Wast*wat*r 

Solid Vast* 

PCBs, Organics. and 

Inorganics 

Solvants 

Municipal Wast* 

Solvents, Orgaaics, and 

Inorganics 

Municipal Wast*wat*r 

Spacial Wasta 

Special and Hazardous 

Wast* 

Special and Hazardous 

Wast* 

Hazardous Wast* 

G*n*ral Rafus* and 

Spacia l Waste 

Hazardous Wast* 

Tr«ata*nt ? « c i l i t y 

TT«ata«nt and Inc ine r a t i on 

I l l a g a l Dcap 

I l l a g a l Daip 

Sludg* Dt-rtng F a c i l i t y 

Landf i l l 

LcAdCill 

Rvclaaat icn F a c i l i t y 

Laadf i l l 

Landf i l l 

Sladg* Drying 

F a c i l i t y 

I l l a g a l Disposal 

I l l a g a l Storage ajtd 

Transfer 

TraatBent F a c i l i t y 

l a c i n e r a t i r 

Landf i l l 

L«ndf i l l 

Souri:«- Ecology «.rd Environaent, Inc. 1990. 
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connects the Wisconsin Arch to the northwest and the Cincinnati Arch to 

the southeast, and separates the Michigan Basin to the northeast and the 

Illinois Basin to the southwest. Stream and glacial erosion has trun

cated the arch and resulted in a fairly broad planar bedrock topography 

(Willman 1971)." " " 

The Paleozoic sequence in the Chicago area is approximately 3,600 

to 4,603 feet thick and represents consolidated marine, marine deltaic, 

and nearshore sediments that were deposited in shallow epicontinental 

seas that intermittently covered Illinois and the midwestern region 

during Paleozoic time. Figure 2-6 presents a stratigraphic column 

illustrating the formations that constitute the Paleozoic bedrock 

stratigraphy of the Chicago area. 

Si Lurian-£Lge rocks are the youngest Paleozoic sediments in most of 

northea.'Stern Illinois. These rocks form the bedrock surface and range 

in thiclcness from 0 to 500 feet (Mikulic and Kluessendorf 1985). The 

Racine Dolomite is the uppermost Silurian unit in the Chicago area and 

account:; for more than half the thickness of the section in eastern Cook 

County. 

2.3.2 (ilacial Geology 

Duiring the Pleistocene Epoch, continental glaciers covered the 

Chicago area. The present-day topography of the region consists pri

marily of depositional landforms, vfaich are the result of erosion by the 

ice sheets that advanced from the north, and the previous water levels 

of glacJal Lake Michigan, which vere higher than those of the present-

day lak<^. Willman (1971) identified four physiographic regions in the 

Chicago area which appear on Figure 2-4. Till plains, in the southwest, 

are chatacterized by little or no relief and are referred to as the 

Blooming'ton Ridged Plain and the Kankakee Plain. The Wheaton Morainal 

Country, which exhibits knob and kettle topography, is composed of a 

broad belt of glacial moraines found throughout the northern Chicago 

area and confined to a southeast trending belt in the southern portion 

of the area. The southern reach of the Vheaton Morainal Country is 

separated from Lake Michigan by the Chicago Lake Plain, which is under

lain by deposits of glacial Lake Chicago. 
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I . . . : ~ : — ... - — : — i 
GENERAL DESCRIPTION 

T i l l , o u t w a s h , dune s a n d , l o e s s , p e a t 
U — ' • 

Dolomite, cherty in part 

Dolomite and sandstone 

Shale, some dolomite 

Dolomite, slightly cherty: 
some limestone 

Sandstone, some shale, chert 
rubble at base 

Dolonite, sane thin sandstone 

Sandstone 

D o l o t s i t e , c h e r t y 

S a n d s t o n e 

D o l o m i t e , s a n d s t o n e , some s h a l e 

G r a n i t e 

SOURCE: Willman. 1971. 

FI3UFIE 2-6 GENERALIZED STRATIGRAPHIC COLUMN OF THE CHICAGO AREA 
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Glacial drift in the Chicago area is as thick as 216 feet in the 

Highland Park area, but averages 140 feet under moraines cuid 70 feet 

under the lake plain (Bretz 1955). 

Surficial glacial drift deposits in the Chicago area belong to the 

Wadsworih, Haeger, and Yol-kviile fill members^of -the-Woodfordiaa-We^ron— 

Forinatic>n (see Figure 2-7). Drift constituting these units may occur as 

till pic.ins but is primarily found as a system of arcuate moraines which 

trend psrallel to the Lake Michigan shoreline in the Chicago region. 

Glsciolacustrine deposits associated with glacial Lake Chicago are 

represented in the Chicago area by the Carmi and Dolton members of the 

Equality Formation. These lake sediments are primarily composed of 

bedded silts with sand and clay; and beach, bar, and deltaic deposits of 

mostly medium-grained sand. These deposits, where present, tnmcate 

Woodfordian till deposits and are overlain by only loess or Holocene 

deposits. 

2.4 WATER RESOURCES/DRINKING WATER SUPPLY 

An assessment of surface water and groundwater resources in the 

vicinity of the site was performed to evaluate the potential i^>act of 

the U.S. Scrap site on these resources. Resource data was gathered from 

published reports and personal communication with personnel of the 

Illinois State Geological Survey (ISGS), the ISWS, the USGS, and the 

City of Chicago Department of Water (CCDW). 

This section will briefly discuss the occurrence and use of surface 

water ani groundvater resources in the Chicago area in general vith 

special attention given to the Lake Calumet area near the U.S. Scrap 

site. 

2.4,1 Surface Water Resources 

The City of Chicago obtains drinking water from Lake Michigan. The 

municipal drinking water system supplies an average of one billion 

gallons of water per day to over 4,600,000 people (CCDW 1986). Intake 

cribs located an average of 2 miles offshore direct Lake Michigan water 

to purification plants. The South Water Filtration Plant, supplied by 

the Bdwa::d F. Dunne crib, which is located approximately 1/4 mile 
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FIGURE 2-7 QUATERNARY DEPOSFTS OF THE CHICAGO AREA 
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offshore, serves the water needs of southeast Chicago. The South Water 

Filtration Flint is located on East 68th Street (COJW [no date]). 

One of the major surface water bodies in the Calumet area. Lake 

Calumet, is located approximately 1 mile east of the U.S. Scrap site. 

The Little Calumet River is located 1/2 mile southwest of the U.SVScrap 

site ant! flows into Lake Calumet. 

A lecent report by the Hazardous Waste Researt± and Information 

Center cf ISWS describes the area in and around Lake Calumet as a 

"severely disturbed ecosystem." This report indicates that concentra

tions oi toxic metals and organic pollutants are higher in Lake Calumet 

than in nearby water bodies; sediment extracts collected at Lake Calumet 

sampling stations have been found to be toxic to organisms similar to 

those fcund in the lake (IDENR 1988). 

2.4.2 Groundwater Resources 

Groundwater resources in northern Illinois include the folloving 

four aquifer systems (Sasman et al. 1974); 

• Sand and gravel deposits of glacial drift (Quaternary); 

• Shallow dolomite aquifers of Silurian and Ordovician age; 

• Sandstone aquifers of Cambrian £ind Ordovician age, 

principally consisting of the Ironton-Galesville and 

Glenwood-St. Peter sandstones; and 

• The Mt. Simon aquifer, consisting of sandstones of the 

B]jihurst-Mt. Simon and lover Eau Claire formations of 

Cambriam age. 

In northern Illinois, several hundred public and industrial wells 

obtain moderate to large quantities of water from the four aquifer 

systems. Figure 2-8 illustrates the major hydrogeologic units present 

in northeastern Illinois, 

In the Lake Calumet area near the U.S. Scrap) site, groundwater use 

is limited to industrial usage. There are no known drinking water veils 
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ROCK STRATIGRAPHIC COLUMN tftOROGEOLOaC ROC£S 

tKA i n . HER. 

SOURCE;: Modified from Wlttmanet K., 1967. 

FIGURE 2-8 MAJOR HYOHOSTRATIGRAPHIC UNITS 
OF NORTHEASTERN ILUNOIS 
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currently in operation within the limits of the City of Chicago near the 

U.S. Scrap site (Wallace 1988). The Quaternary deposits in this area 

have xow permeabilities and are generally not considered to be exploit

able aquifers. Groundwater in these glacial deposits may recharge the 

underlying Silurian aquifer to some extent, but Host discharge from the 

glacial deposits is probably to city storm and sewage drains, other 

engineered surface drainage systems, and Lake Calumet, 

High local denands for groundwater supplies have historically been 

met by wells drilled into Cambrian-Ordovician aquifers such as the Mt, 

Simon (approximately 1,700 feet deep), Ironton-Galesville Sandstone 

(approximately 1,600 feet deep), and the Eminence-Potosi Dolomite (ap

proximately 1,300 feet deep). These CsAbrian-Ordovician aquifers are 

Class IE aquifers (current or potential sources of drinking water) used 

for driiking water in other parts of the state (U.S. EPA 1986), but the 

water quality of samples taken from deep wells near the U.S. Scrap site 

is unsatisfactory because of high concentrations of total dissolved 

solids. Depth to water in these veils is approximately 500 feet belov 

land surface (Burch 1987). 

Thi> Makoqueta Group constitutes the top of the Ordovician System 

and ove::lies the Cambrian-Ordovician hydrogeologic unit in most of 

northea:;tern Illinois. This unit is composed primarily of shale and 

underli(>s most of Illinois. The shale formations of the Makoqueta Group 

are usually an effective aquitard, confining underlying groundvater 

under artesian pressure, and have an average coefficient of vertical 

hydraulic conductivity of 0.0005 gallons per day per square foot (Walton 

1965). However, dolomite beds in the Fort Atkinson Limestone, the 

middle formation of the Makoqueta Group, are known to yield small 

quantit:.es of groundvater in the Chicago area (Suter et al. 1959). 

Another source of groundvater near the U.S. Scrap site vith lover 

total dissolved solids concentrations (400 to 500 mg/L) than those 

present in the Cambrian-Ordovician aquifers is found in the shallower 

Silurian aquifer (300 to 400 feet in depth). The Silurian aquifer is 

represented primarily by the Eacine Formation in this area. Static 

water l<:vels in veils completed in this unit are generally 25 feet below 

the land surface and produce water at a rate of 5 to 40 gallons per 

minute (Burch 1987). Primary permeability in this aquifer is manifested 
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in joints and fractures which are referred to as macropores, and aquifer 

yields vary according to the local distribution and degree of fracture 

intercoinection (Student et al. 1911). While these yields are not high 

enough to satisfy high-capacity needs, the Silurian aquifer in the Calu

met are.i would be a Class II aqulFer based oh potential yield greateir -

than 150 gallons per day (U.S. EPA 1986). In fact, until as recently as 

March l')87, private residences less than 1 mile south of the U.S. Scrap 

site we::e dependent on private wells completed in the Silurian aquifer 

for drinking water needs; however, questions concerning water quality 

from th<;se wells prompted incorporation of these residences into the 

CCDW system. Recharge to the Silurian aquifer is primarily by infiltra

tion thirough permeable glacial drift deposits, and direct infiltration 

in area:; of exposure such as quarries. 

2,5 SI"E HISTORY 

Th«! earliest record of activity at the U.S. Scrap site dates to 

1893 wh<>n the American Malting Company contracted J. P. Miller Artesian 

Well to drill a water well to be used in a malting process (ISWS 1987). 

According to a log obtained from ISWS, this well was completed to a 

depth ol: 1,648 feet. The veil has been located at the approximate 

center of the U.S. Scrap site. ISWS indicates that a second veil vas 

drilled at the U.S. Scrap site by J. P. Miller Artesian Well in spring 

1901 (IJ.WS 1987). The log indicates that this veil vas drilled to a 

depth ol: 1,296 feet. This veil has not been located to date. 

AiK!rican Malting operated a malting plant (consisting of at least 

one grain elevator, one processing building, four 50-foot-<iiameter steel 

storage tanks, eight concrete silos, and several single-story brick 

buildin{:s) at the site from sometime prior to 1908 until approximately 

1967 (STS 1982). 

Between 1938 and 1958, sludge lagoons at the adjacent MSD Calumet 

Treatment Plant were constructed (STS 1982). 

Sometime between 1958 and 1967, the grain elevator at the malting 

plant vi.s demolished, and the debris is thought to have been used to 

fill pcttions of the northern section of the U.S, Scrap site (STS 1982), 

Frcm the late 1960s until 1975, Steve Martell conducted drum 

recyclirg activities at the U,S, Scrap site. An interview vith a former 
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employee of Martell by lEPA alleged that Martell indiscriminately 

accepted all types of vaste, including caustic liquid and paint sludge. 

Unsalvageable drums, and vastes from salvageable drums cuid tanker trucks 

vere emptied into on-site pits. Demolition debris was then added to the 

liquid-filled pits. An incinerator, which is" still prie'sent at the U.S.-

Scrap site, was supposedly used to dispose of waste; however, it is be

lieved that the incinerator was only used during regulatory inspections 

to give the appearance of a properly operating vaste incinerator (E & E 

1986). 

Inspection of the U.S. Scrap site in 1980 by the lEPA revealed 

approximately 400 55-gallon dnims of waste scattered on the surface of 

the site, liquid wastes stored in the eight concrete silos, scattered 

surficial deposits of vaste, several lagoons of vaste, and sludge in 

on-site drainage svales (U.S. EPA 1986). 

Tha State of Illinois—Attorney General (lAG) filed suit against 

Martell in 1980, citing him for illegal open dumping and refuse disposal 

without a permit. The suit restricted further waste disposal at the 

site, aid requested removal of surface vastes from the site. The lAG 

also requested that Martell take appropriate remedial actions to manage 

the vastes buried at the site. In September 1980, Martell removed the 

surface drums, the liquids vithin the silos, and approxitaately 10,000 

gallons of sludge from drainage svales. However, the lAG request for 

remedial measures did not result in corrective action, and in 1981 the 

lAG contracted STS t o conduct a contamination survey of the U.S. Scrap 

site (U.S. EPA 1986). 

Th)i abandoned site vas brought to the attention of the U.S. EPA oo 

August L6, 1985, ̂ e n MSD officials reported a landfill fire at the U.S. 

Scrap site to the lEPA. Due to the potential threat to human health and 

the env:Lronment posed by the burning site, the U.S. EPA, upon request of 

the lEPiV, responded to the fire and subsequently initiated an emergency 

respon.S"; action. The emergency response action addressed the landfill 

fire ami the alleged presence of shock-sensitive materials thought to be 

buried along the railroad embankment (U.S. EPA 1986). 
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2,6 PREVIOUS INVESTIGATIONS AND WASTE CHARACTERIZATION 

The results of previous environmental investigations conducted at 

the U,S. Scrap site provided much of the backgrouid information used to 

formulate the Scope of Work for this SS. 

The analyticar results generated by these invesiilgaLluns and -

discussed in this report also serve to characterize the vaste present at 

the U.S. Scrap site. As stated previously in this report, lAG con

tracted STS to conduct a contamination survey of the U.S. Scrap site in 

1981. The survey vill be discussed later in this section. 

On April 13, 1983, the FIT performed a site inspection at the U.S. 

Scrap site for U.S. EPA. This inspection was limited to sampling of 

surface water from ditches and swales. 'On August 16, 1985, U.S. EPA 

Region V Technical Assistance Team (TAT) responded to a subsurface fire 

at the U.S. Scrap site. This action resulted in the extinguishing of 

the fir<;, fencing of the site area, geophysical exploration, and ex

cavation/removal of drummed waste and contaminated soil encountered 

during the action (U.S. EPA 1986)i On October 11, 1985, the FIT con

ducted air monitoring at the U.S. Scrap site in conjunction with the 

1985 TAT action. 

2.6.1 Illinois Attorney General Investigation 

STS> conducted the lAG-authorized contamination survey of the U.S. 

Scrap site in 1981 in order to evaluate site-specific contamination 

caused ty previous disposal operations. The survey included soil 

borings, monitoring well installation, test pit excavations, and 

collection of surface soil, groundwater, and surface waste samples (STS 

1982). 

Five monitoring veils vere installed at the U.S. Scrap site at 

locations noted in Figure 2-9 at depths ranging from 8 to 70 feet. 

Figure 2-9 also includes vater table contours constructed by STS. Table 

2-2 shovs selected monitoring well installation details. The STS report 

to the lAG indicates that strong organic or paint-like odors were en

countered as borings were advanced through fill. Boring logs and other 

well construction details for the STS wells (G-101, G-102, G-103, G-104, 

and G-105) are included in Appendix A of this report. Subsurface soil 

samples from the borings were analyzed by lEPA and were found to contain 
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Table 2-2 

SELECTED STS MONITORING WELL INSTALLATION DETAILS 

El>v«tlons(USGS) 

Well 

Nuaiber 

G-lOl 

G-102 

G-103 

G-104 

G-105 

Borinq 

Depth 

15 

15 

22 

15 

70 

(ft) 

Well 

Depth (ft) 

12 

8 

20 

12 

69.7 

W«ter 

Level* (ft) 

590.06 

593.26 

586.46 

590.96 

563.36** 

Top of 

Casing (ft) 

596.26 

597.96 

593.66 

596.16 

595.56 

Ground 

Surface (ft) 

595.1* 

597.6€ 

593.16 

595.lt 

594.66 

Source: E<rology and Environaent, Inc. 1990 after STS 1982. 

* Measuieaent obtained in October 19(1. 

** This iteasure>ent was not used to construct water surface contours. 
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concentrations of volatile and semivolatile compounds ranging from 12 to 

6,800 parts per million (ppm). The results of subsurface soil sampling 

are provided in Appendix B of this report. 

Groundwater samples from the STS wells were collected and analyzed 

by the IEPA liT June and October 1981. Subsi.aiiilal ai&ounts of volatile 

and seaivolatile organic contaminants rsuiging in concentration from less 

than 1.0 to greater than 100 ppm were detected in these samples (STS 

1982). The results of groundwater sampling are also provided in Ap

pendix B, 

On June 29, 1981, STS excavated five test pits (TP-1, TP-2, TP-3, 

TP-4, aad TP-9) at the locations shown on Figure 2-9. Excavations 

ranged in depth from 3 to 8 feet. Four of the test pits (TP-1, TP-2, 

TP-4, aid TP-9) contained miscellaneous fill, wood, metal, sand, silt, 

and concrete blocks. Test pits TP-1, TP-2, and TP-9 contained metal 

drums, vith test pits TP-1 and TP-2 having a noticeable chemical odor. 

Test pit TP-3 contained a cinder fill underlain by a white, hard 

substance. A full description of pit conditions is presented in the 

test pit logs in Appendix A. 

Analyses of samples collected from the test pits during the 

excavation and from selected surface waste samples were conducted by 

IEPA. 'Che test pit samples contained concentrations of volatile and 

semivolatile compounds ranging from less than 10 to 23,000 ppm. The 

surface waste samples were also analyzed by IEPA, and organic contami

nants vnre detected in concentrations ranging from 0.34 to 5,400 ppm. 

The analytical results of the test pit and surface waste sampling are 

provided in Appendix B. 

Th(! STS report to the lAG concluded that the uppermost groundwater 

(within the fill, vfaich constitutes most of the upper subsurface) at the 

U.S. Scrap site is severely contaminated by toluene, xylene, and other 

organic comfwunds. Also, concentrations of several inorganic analytes 

vere detected at levels in excess of limits for groundwater set by the 

Illinois; Pollution Control Board. The groundwater from deep well G-105 

vas alsci found to be contaminated with organic and inorganic coapounds. 

The STS report did not delineate the mechanism for contaminant nigration 

into th<i deeper water-bearing zone; however, the possibility of vertical 

migraticm through the intervening clay-rich unit (55 to 60 feet thick 
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with a laboratory permeability of less than 10 cm/sec) vas deemed 

unlikely. 

2.6.2 U.S. EPA Field Investigation Team Investigation 

In order to gather information useful for scoring the U.S. Scrap 

site using the Hazard Ranking System (HRS), a site inspection of the 

U.S, Scrap site was conducted by the FIT on April 13, 1982. This 

insipection included the collection of four surface vater/leachate 

samples. The samples were analyzed for the organic fractions of the 

CERCLA Hazardous Substance List. Among the compounds detected in three 

of the samples were benzene, l,2-tr2Uis-dichloroethylene, and toluene, in 

concentrations ranging from 77 to 6,800 parts per billion (ppb). Figure 

2-9 shovs seunpling locations. The analytical results are provided in 

Appendix C. 

2.6.3 U.S. EPA Technical Assistance Team Investigation 

On August 16, 1985, the U.S. EPA responded to an underground fire 

at the U.S. Scrap site. This response took the form of an emergency 

response action involving U.S. EPA emergency response personnel; the 

Region V TAT; Emergency Response Contract Services (ERCS) subcontrac

tors, M:.d-Afflerica Environmental Systems, Inc. (MAECCMP) and O.H. 

Haterial.s Corporation (OHM); and the Chicago Fire Department (CFD). 

Th(> underground fire was believed to have been ignited by a surface 

brush fj.re. Figure 2-9 indicates the major burn areas and excavation 

areas that received attention during this effort. This emergency re

sponse ciction addressed only the underground fire and the alleged 

presence; of shock-sensitive chemicals buried in the C & WI Railroad 

embankment. Sixty cubic yards of crushed drums and debris, one 55-

gallon crum of flammable solids, one 55-gallon drum of PCBs, three 

55-gallcn drums of cyanide waste, 76 55-gallon drums of organic 

compouncs, and over 120 cubic yards of contaminated soil vere removed 

from th€ excavation areas and properly disposed of. The fire was ex

tinguished by capping the affected areas with clay, while the entire 

length cf the C & WI Railroad embankment that forms the west border of 

the site: vas excavated and backfilled in an attempt to locate the 

alleged shock-sensitive chemicals (U.S. EPA 1986). The On-Scene 
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Coordinator's Report contains a detailed description of removal actions 

(U.S. E]'A 1986). 

On October 11, 1985, air monitoring vas corducted by the FIT in 

conjunc:ion with the TAT investigation to detemine viiether an air-

related transport"pathway/exposure was present ac the U.S. Scrap site 

subsequiuit to the underground fire. Air monitoring vas conducted at 

eight locations adjacent to the site. The results of this monitoring, 

which vsLS conducted using gas chromatography/mass spectrophotometry 

(GC/MS), did not indicate any atmospheric release of contaminants that 

could b«! attributed to the site (E & E 1986b). 
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3. INVESTIGATION PROCEDURES 

3.1 IN^-RODUCTION 

This section presents the FIT's rationales and investigation pro

cedures for the U.S. Scrap site SS field activities. These activities 

included surveying and mapping of the site, a semiquantitative soil gas 

survey, magnetic and electromagnetic geophysical surveys, surface soil 

sampling:, surface water sampling, sediment sampling, soil and bedrock 

subsurfc.ce borings, monitoring well installation, hydraulic conductiTity 

and watcir level measurement, groundwater sampling (Round 1 £md Round 2 ) , 

test pit excavation and sampling, andf investigation of an abandoned 

veil. Sanple collection, including requirements for duplicate, blank, 

and background samples; handling; and shipping vere governed by the QAPP 

for Region V FIT-Conducted Site Inspections (E & E 1987). The FIT 

supplemented this QAPP vith a site-specific Sampling Plan suid a Site 

Safety Flan vith amendments addressing safety concerns for specific 

activities. Field activities requiring Level B protection hare been 

noted in the appropriate sections. 

Field vork vas conducted from June 1987 to May 1988 by the FIT and 

sub<:ontractor personnel under the direct supervision of the FIT. 

3.2 SUFV5:YING A N D HAPPING 

Surveying and mapping of the U.S, Scrap site was conducted to 

eistablish the elevations and horizontal locations of pertinen: site 

f(»i:ures and selected previous sampling and geophysical testing poirts, 

A horizontal control grid vas constructed using 100-foot spacings along 

north-south and 50-foot spacings along east-vest directions (see Figure 
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3-1). 'This grid vas later used to prepare a site topographic map vith 

2-foot contour intervals.) The origin of the grid vas referenced to the 

northwest corner of the site fence. The grid point elevations were 

referenced to an MSD survey monument located near the northwest corner 

of the site fence. The elevation of this monument was later confirmed 

using another MSD benchmark referenced to USGS datum. This latter 

benchmairk is located approximately 3,000 feet north of the point where 

the C & WI Railroad crosses 130th Street (see Appendix D). The measure

ment accuracy of the horizontal locations is +1 foot and that of ele

vations is +0.1 foot. All elevations were referenced to USGS datum. A 

temporary benchmark (TBM) was established at a utility pole near the 

entranct: to the site. In addition, two other reference points (RPl and 

RP2) were established on-site to facilitate elevation measurements in 

locatiors away from the TBM. Figure 3-1 presents the horizontal control 

grid for the U.S. Scrap site. 

3.3 SOIL GAS SURVEY 

Seniquantitative soil gas surveys were conducted to screen the site 

for the presence and approximate concentrations of high organic vapors, 

hydrogen cyanide, and methane in the vadose zone. Proposed monitoring 

well locations and off-site soil sampling points vere screened to assure 

that these activities vere not initiated in zones of unusually high 

contamination. Soil gas survey data vere also used to aid in locating a 

suitable area for support activities. Soil gas survey locations are 

shown on Figure 3-2. 

On June 15 to 17, 1987, a general soil gas survey vas conducted at 

21 locations in the northern area of the site used for staging and 

support activities and in the 2-acre area north of the site fence. One 

location just outside the southvest site boundary vas also sampled. 

On June 23, 1987, a soil gas survey vas conducted to specifically 

identify compounds that had been detected nonspecifically during the 

survey performed on June 15 to 17. Samples vere collected at six 

locations and analyzed off-site. 

On August 4, 1987, a general soil gas survey was performed outside 

the site [>erimeter. Eight locations were screened on MSD property east 
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and west of the site to detect potential subsurface conteuninant 

migration. 

Prior to all sampling, gas probes were decontaminated using tri-

sodium Dhosphate and distilled water. Sampling vas initiated by driving 

a 3.5-foot-long gas probe to a depth of 1 to 3 feet into the ground. 

The gas probe consisted of 5/8-inch outside diameter (OD) stainless 

steel pipe with five narrow vertically oriented slots in the bottom 6 

inches of the pipe. A schematic illustration of the soil gas survey 

assembly is shown in Figure 3-3. 

Foi: surveys conducted on June 15 to 17 and August 4, 1987, the gas 

probe was fitted vith a 1/4-inch inside diameter (ID) Teflon tube 

attache<l directly to the probe of a Foxboro Model 128 organic vapor 

analyzer (OVA). Wadose zone gas vas withdrawn from the gas probe by the 

OVA; approximately 1 to 3 minutes were allowed to elapse to insure that 

all amb:.ent air had been purged from the probe apparatus; and organic 

vapor concentrations vere recorded according to the observed instrument 

deflection. An activated carbon filter vas used to determine vhether 

methane vas present, (An activated carbon filter vas used for detecting 

methane because methane is generally the only contaminant that vill pass 

through it. If the OVA reading does not change vhen the carbon filter 

is used, then the saaple is pure aethane.) Hydrogen cyanide levels vere 

measured using a Honitox hydrogen cyanide detector. The detector vas 

placed ever the (̂ >ening of the gas probe immediately after the OVA vas 

disconnected, and ascending vapors vere monitored, 

Foi soil gas sampling conducted on June 23, 1987, the Teflon tube 

vas attached directly to a personal monitoring pump, and the gas vas 

directed into a Tedlar sample bag for subsequent analysis vith a Photo-

vac lOAlO portable gas chroaatograph (GC). GC calibration vas achieved 

using standard concentrations of benzene, toluene, m- and o-xylene, and 

p~cymen€. 

3.4 GECPHYSICAL INVESTIGATION 

3.4.1 Magnetometry Surrey 

A iiagnetometry surrey vas undertaken at the U.S. Scrap site in 

order to determine areas vhere drums may have been buried. The data 
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from the survey vere used along vith historical data to determine the 

location of the proposed test pit excavations. 

The survey vas conducted using an EG&G Geometries 856X proton 

precession magnetometer on June 22 and 23, 198T. This magnetometer has 

tho advantage of being able to record an average of three magnetic 

readings at each survey point, store all of the data internally, and 

output the data to an IBM-compatible personal computer for subsequent 

analysis. 

Readings were taken throughout the site at 50-foot intervals and 

referenced to the previously established horizontal grid system shown in 

Figure 3-1. Magnetometry survey stations are shovn in Figure 3-4. 

Careful note vas taken of any surficial metallic debris vhich could have 

had an influence on readings. All survey readings vere taken using the 

Standard Operating Procedures (SOPs) established for magnetometry 

surveys (E & E 1987). 

Two base magnetic reference (BMR) stations were utilized during the 

survey to monitor variation in the earth's magnetic field during the 

course of the survey. Locations of these two statiwis, BMR station 1 

and BMR station 2, are shown on Figure 3-4. BHR station 1 was used 

three times a day on both days of survey activity (approximately every 3 

hours: once before the start of the survey in the aoming; once at 

noon; and once at the end of the day). BMR station 2 was used on the 

second day of the survey to correlate readings taken on that day with 

readings obtained on the first day. All of these readings were 

normalized to readings obtained on the first day. No significant 

variation in the magnetic field vas found at either station. Therefore, 

no correction vas applied to the on-site data. 

Upon completion of the data collection, the data vere transferred 

from the magnetometer to an IBM-compatible personal computer for 

processing. 

3,'̂ ,2 Electromagnetic Survey 

An electromagnetic (EM) survey was conducted on September 21 and 

22, 1987. The two clay-capped areas, which were the major burn areas 

determined at the time of the underground fire in 1985, vere surveyed to 

gather more detail on information obtained from the magnetometry survey. 
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All survey procedures vere in accordance vith the SOPs established for 

electromagnetic surveys (E & E 1987). 

The EM surveys were conducted using a Geonics EM34-3 terrain 

conductiTity meter. This instrument has the capability of determining -

cooiposite subsurface conductivity values for materials at a range of 

depths. Measurements were made using a 25-foot grid interval and vere 

referenced to the horizontal control grid used for the magnetometry 

survey. Because fill conditions were expected to persist to a maximum 

depth of approximately 30 feet, a 10-meter intercoil spacing was used. 

Vith this spacing, the maximum depth of penetration was approximately 25 

feet vith the coils in the horizontal dipole mode, and 50 feet vith the 

coils in the vertical dipole mode. Both the horizontal and vertical 

dipole nodes vere used at each survey point. All readings vere taken 

vith the coil orientation trending east-vest. The areas covered by the 

EK surv=y are shovn in Figure 3-4. 

Upm completion of data collection, the data vere transferred to an 

IBM-coBsatible personal computer for processing. 

3.5 SUtFACE SOIL INVESTIGATION 

Surface soil samples vere collected at the U.S. Scrap site and 

adjacent locations to determine the type, concentration, and areal 

extent nf the hazardous substances present. Three types of sampling 

vere casducted: composite sampling for Target Compound List (TCL) and 

Target i^alyte List (TAL) cUialysis; discrete sampling for TCL and TAL 

analysiif; and compositing of either discrete or composite samples for 

dioxin :End furan analysis. The Contract Laboratory Program (CLP) 

laborat<»ry responsible for the analysis is noted for each type of 

sample.. 

Talrle 3-1 lists surface soil Scunple information and collection 

dates. 

3.5,1 Composite Surface Soil Sampling 

Tiî :nty-seven composite soil samples (CSOl through CS27) were 

collecr.«;d on the U.S. Scrap site on September 7 and August 12, 18, 

and 19, 1987. Each composite sample represented an area of approxi

mately I[0,000 square feet and was composed generally of four sample 
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Tabl* 3-1 

SURFACE SOIL SAMPLE INrORMATIOR 

Saapla 

Designabion 

Ŝ ample 

Coaponahts 

Data of 

Collaction 

Analyses 

Parfornad 

C o m p o s i t a 

< :S01 -C304 

C S 0 5 - C 3 1 6 

C S n - C 3 2 4 

C S 2 5 - C 3 2 7 

KA 

NA 

HA 

RA 

0 7 - 0 7 - 8 7 

0 8 - 1 2 - 8 7 

0 8 - 1 8 - 8 7 

0 8 - 1 9 - 8 7 

TCL/TAL 

TCL/TAL. 

TCL/TAL 

TCL/TAL 

D i s c r a : « 

DS01-D.301 

D S 0 5 - D : ; 1 2 

D S 1 3 - D : ; 1 5 

DS16 

DS17 

DS18 

RA 

NA 

RA 

RA 

RA 

RA 

0 7 - 0 7 - 8 7 

0 8 - 0 5 - 8 7 

1 2 - 0 1 - 8 7 

1 0 - 1 5 - 8 7 

0 5 - 1 9 - 8 8 

0 5 - 1 9 - 8 8 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

C o » p o s : L t a 

DSDOl 

OSD02 

OS 003 

CSDOl 

CSD02 

CSD03 

DSQI-DSOI 

DS(I5, 

DS07-DS09 

DSI0-DS12 

CS01-C504 

CS05-CS16, 

CS25 

CS17-CS24. 

CS26,CS27 

0 7 - 0 7 - 8 7 

0 8 - 0 5 - 8 7 

0 8 - 0 5 - 8 7 

0 7 - 0 7 - 8 7 

0 8 - 1 2 , 1 9 - 8 7 

0 8 - 1 8 , 1 9 - 8 7 

SAS DIOXIN* 

SAS DIOXIN* 

SAS DIOXIN* 

SAS DIOXIN* 

SAS DIOXIN* 

SAS DIOXIN* 

• L\ !to1: app l : c t i l a . 

Sj>«ci«l A i i a l j - t i c a l S a c v i c a s f t a t r a - t h r o u g h o c t a c h l o r o d i b a n x o - p - d i o x i n / t a t r a - t h r o u g h 

o c t a c h l o r<>d.i t«nso- |>-furan) 

l iouTca: Eco logy and S n v i r o n m a n t , I n c . 1990. 
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components collected as shown in Figure 3-5. Irregular areas near the 

site fence and sirructures represent smaller areal composites, and 

samplinf; locations were adjusted accordingly. Areal composites were not 

extrapoj.ated outside the site fence. Composite sampling locations are 

shovn in Figure 3-6. 

Saiiple components were extracted from the top 6 inches of the soil 

except j.n areas covered by clay caps. In these areas, the clay cap was 

removed using a spade and pick, and samples were collected from the 

upper 6 inches of material beneath the clay cap. All soil sample com

ponents were collected using garden trowels and were composited in a 

stainle£:s steel bowl. Composites were then transferred to glass sample 

jars using a stainless steel spoon. Seunpling equipment was decontami

nated piior to use vith trisodium phosphate, acetone, and distilled 

vater, and allowed to air-dry. 

TAI. analyses of composite surface soil samples vere performed by 

Rocky Hcuntain Analytical Labs, Inc., Arvada, Colorado, and Cambridge 

Analytical Associates, Boston, Massachusetts. TCL analyses vere per

formed fay Enviroomental Control Technology Corporation, Ann Arbor, 

Michigan; CompuCbem Laboratories, Research Triangle Park, North 

Carolina; and California Vater Laboratories, Modesto, California. 

3.5.2 Discrete Surface Soil Saunpling 

Discrete soil samples (DSOl through DS18) vere collected at 18 

locations on the U.S. Scrap site and adjacent properties on various 

dates (see Table 3-1 for specific information). Figure 3-7 shovs the 

locations of the discrete samples. 

Samples vere collected from the top 6 inches of soil using garden 

trowels and stainless steel bovls, and vere transferred to glass sample 

jar<: using stainless steel spoons. Sampling equipment vas decontami;̂  

nated using trisodium phosphate, acetone, and distilled vater, and 

allowed tc air-cry prior to each sample collection. 

TAL sxialyses of discrete surface soil samples were performed by 

Rocky Mountain inalytical Labs, Inc., Arvada, Colorado, and Versar, 

Inc., Springfield, Virginia. TCL analyses were performed by Environ

mental Control lechnology Corporation, Ann Arbor, Michigan; DataChem, 
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Salt Lake City, Utah; and American Analytical Technical Services, Inc., 

Tulsa, Oklahoma. 

3.5.3 Dioxin Surface Soil Sampling 

Si:c composite samples (DSDOl through DSD03 and CSDOl thrbugi. CSD03) 

were cofipiled for dioxin analysis by compositing portions of discrete 

and com]>osite surface soil samples collected previously. Figure 3-8 

indicat<!S the discrete and composite sample locations used for imdivid-

ual dioxin samples. These locations were chosen for dioxin analjsis 

because it was believed that they would give the best representative 

samples for the site. Three of these samples vere obtained from on-site 

locations where possible spillage occurred. The remaining three samples 

were tai:en to determine whether dioxins had migrated off-site. These 

samples vere submitted to Triangle Laboratories, Research Triangle Park, 

North Ctirolina, for analysis of tetra- through octa-chlorodibenzo-p-

dioxins/chlorodibenzo-p-furans. 

3.6 SUFJACE VATKR/SEDIMENT SAMPLING 

Teri surface vater and four vater sediment samples vere collected 

from the: U.S. Scrap site and adjacent locations to aid in determining 

the typcis, concentrations, and extent of the hazardous substances pres

ent at the site and in areas near the site. 

3.6-1 Surface Water Sampling 

Eight surface vater samples and one duplicate vere collected from 

tvo ponds on the MSD property vest of the U.S. Scrap site. Four of 

these samples (SVOl through SV04) and the duplicate (SVOIOUP) vere 

collected on September 9, 1987. The remaining four saaples (SV05 

through SW08) vere collected on November 9, 1987. On November 30, 1987, 

two additional samples (SW09 and SWIO) and a duplicate (SVIODUP) were 

collected at the U.S. Scrap site, one from the lagoon and one from a 

trough-like container that was part of the old loading dock. Tie 

rationale for collecting only one sample from the on-site lagooa was 

thai: the lagoon was expected to be contaminated; therefore, it vas only 

sampled to characterize the contaminants present. The off-site ponds 

were saipled more heavily, however, because they vere only suspected of 

3-15 



SOURCE: Ecology and Environment, Inc. 1990 

100 
SC«.LE 

ZOO 300 4CD MO FEET 

LEQEND 

CSDOl COMPOSITE SURF/V;E DIOXIN 

0SDQ1 DISCRETE SURFACE OtOKlM 

CSOl 
DSOI 

COMPONENT LOCATION 

FIGURE S-» DIOXIN SAMPUNQ AND SAMPLINQ 
COMPONENT LOCATIONS 

3-16 



being contaminated; they vere sampled more extensively both to determine 

whether contaminants had migrated to these locations and to characterize 

contaminanis found. The sample collected from the trough was classified 

as a su:rface water sample for analytical purposes. The two additional 

samples were collected as representative of liquids contained on-site 

and wer<! not intended to reflect natural surface water resulting from 

runoff. All sample locations are indicated in Figure 3-9. Samples 

SVOl, SU03, SW05, SW08, SW09, and SWIO were collected by dipping sample 

containtsrs into the water at a depth of 3 to 6 inches. Samples SW02, 

SU04, SV06, and SW07 were collected at depths of approximately 1 to 3 

feet be]ow the vater surface using a peristaltic pump and an extension 

of silicon tubing inserted through a 10-foot length of 1-inch-diameter 

PVC pip£. The sample vater vas pumped directly into glass sample jars. 

Table 3-2 lists surface vater sample information and collection dates. 

TAL analyses of surface vater samples vere performed by Rocky 

Mountain Analytical Labs, Inc., Arvada, Colorado, and Versar, Inc., 

Springfield, Virginia. TCL analyses vere performed by American 

Analytical & Technical Services, Inc., Tulsa, Oklahoma; California 

Analytical Laboratories, Inc., West Sacramento, California; S-Cubed, San 

Diego, California; and U.S. EPA Central Regional Laboratory, Chicago, 

Illinois. 

3.6.2 Sediment Sampling 

Four sediment samples (WSOl through WS04) vere collected on 

September 9, 1987, from a pond on MSD property vest of the U.S. Scrap 

site (se'3 Figure 3-9). Table 3-2 contains sediment sample information 

and collidetion dates. Sediment samples vere collected using garden 

trovels .ind vere transferred directly into glass sample jars. 

TAL analyses of sediment samples were performed by Rocky Mountain 

Analytical Labs, Inc., Arvada, Colorado, and TCL analyses were performed 

by S-Cub<;d, San Diego, California. 

3.7 SUB:;URFACE INVESTIGATION 

Th€>. subsurface investigation was conducted to determine the pres

ence and extent of groundvater contamination and to assess potential 
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Table 3-2 

SOItFACE HATER AND WATER SEDIMENT SAMPLE INFORMATION 

Saapl* 

Dcsignatisn 

Sajq)l« 

Typ« 

Dat* of 

Collection 

A n a l y s e s 

P«r fo rB*d 

S o r f a c a W i t « r 

svo:-swo4, swoiBcrp 

SMOS-SWOB 

S I I 0 9 , S V I D , SWIOOUP 

Oiscrat* 

Discrete 

Discrete 

0 9 - 0 9 - 8 7 

1 1 - 0 9 - 8 7 

1 1 - 3 0 - 8 7 

TCL/TAL 

TCL/TAL 

TCL/TAL 

S « d i a e n t 

M501-1IS04 D i s c r e t e 09-09-87 TCL/TAL 

S o u r c e : Eco logy a n d E n v i r o n w e n t , I n c . 1990 . 
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off-site migration of contaminants. As the first part of this investi-

gai'.ion, 13 off-site borings vere <lrilled at locations around the U.S. 

Scrap site. Subsurface seimples vcre collected from these borings, and 

observations were made concerning the nature of unconsolidated material 

above bedrock and underlying bedrock formations. Monitoring wells were 

subsequently installed in 12 of these borings by the FIT to determine 

hydraulic conductivity, and groundwater flow directions and gradients. 

These FIT wells, the previously existing STS wells, and the abandoned 

malting plant production well were later sampled to provide data on 

groundwater contamination. 

Dr:llling and installation of the monitoring wells were subcon

tracted to Fox Drilling, Inc., Itasca, Illinois. Drilling was initiated 

on July 14, 1987, but, due to unfavorable weather conditions, drilling 

activitj' was postponed until September 15, 1987. Drilling suid monitor

ing well installation vere completed on October 26, 1987. 

Tht FIT conducted hydraulic conductivity testing and water level 

measurenents, and supervised all subcontractor activity. 

The folloving sections detail procedures utilized during the 

subsurface investigation. 

3.7.1 Subsurface Drilling and Sampling 

Thirteen borings vere drilled to evaluate the subsurface conditions 

around the U.S. Scrap site using a CHE 75 drilling rig. All borings 

vere drilled off-site (outside of the fenced area). Based on ground

vater fl^v information from the STS investigation, a groundvater divide, 

or mounding of groundvater on the site, vas considered likely. There

fore, t h i FIT borings/monitoring veils vere located around the site to 

intercept groundvater floving radially from the site. Subsurface soil 

samples vere collected as each boring vas advanced at locations as shovn 

in Figuru 3-10. 

In :his inrestigation nine shallow and four deep subsurface borings 

were driiLled. Shallov borings were advanced to a depth of from 19.5 to 

30 feet :o characterize the base of the till unit. Deep borings were 

nested v: th shallov borings and extended to approximately 80 to 90 feet 

below thi> surface (from 10 to 20 feet into the Silurian bedrock). Deep 
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SOIL SAMPUNG LOCATIONS 
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borings were drilled to characterize the till/bedrock interface and also 

the upp<sr portion of the bedrock. 

Shallow borings were drilled using 6-inch ID (8 3/4-inch OD) 

hollow~:3tem augers. Split-spoon samples were collected from all shallow 

borings except FIL0102-02, -03, -06, and -08, vhere samples from ad

jacent deep borings provided sufficient vertical characterization of 

sedimen :s. Samples were collected at 0 to 1.5 feet, at 3.5 to 5.0 feet, 

and at 5.0-foot intervals thereafter. Samples were obtained by driving 

a 2-inch OD split-spoon sampler vith a 300-pound weight free falling 18 

inches. The driving resistance (blow count) vas recorded for each 

6-inch :.ncrement of the split-spoon advancement. Blov counts are listed 

in the ttoring logs in Appendix E. 

After opening the split-spoon sampler, the soil samples vere 

screened vith an OVA and a hydrogen cyanide detector. A visual de-

scriptitm vas then recorded by the FIT- This description included 

features: such as texture, density, structure, color, mineralogy, 

moisture: content, thickness of layers, and depth to the vater table. 

This information is contained in the boring logs in Appendix E. Repre

sentative portions of each split-spoon sample vere collected and stored 

in glass sample containers for future visual reference. 

Deep borings vere initiated using 6-inch ID (8 3/4-inch OD) hollov-

stem augers to drill to a depth of 30 to 40 feet belov ground surface. 

A 6-inch ID nongalvanized permanent steel casing vas installed in the 

boring and pushed approximately 2 feet into lover clay-rich Quaternary 

deposits to obtain a seal betveen the shallov and deep vater-bearing 

zones. The annular space betveoi the casing and borehole vail vas 

grouted from the bottom to the surface using tremie pipe vith a 

bentonite-based grout material specifically designed for veil-sealing 

purposes. The grout vas alloved to set for a minimum of 12 hours. 

After the permanent casing vas installed, drilling vas continued using 

rotary wash vith a 5-inch-diameter tri-cone roller bit and clean 

btjni-onite-based drilling fluids or potable vater until approximately 1 

to :;'. feet of bedrock vas penetrated. Potable water vas obtained from a 

CCDiif fire hydrant located on MSD property. Split-spoon samples from the 

deep borings vere obtained in the manner previously described. 
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Upon reaching bedrock, rock core samples vere collected using 

split-barrel coring techniraes. The upper 10 to 20 feet of bedrock vas 

cored u«ing an NO size (approximately 2-inch ID) core barrel. A 

descrip:ion of the cores is presented in the boring logs in Appendix E. 

The rock cores vere^ placeB in vooden core boxes and marked with the 

date, boring number, and sanple depth intervals. Upon completion of 

coring, the borings vere r^uned using a 5-inch-diameter tri-cone roller 

bit to provide sufficient annular space for monitoring veil instal

lation. 

Boring FIL0102-12 vas initiated in location 12A. However, due to 

the higfily reactive nature of the subsurface material encountered at 

location 12A, a subsurface sample vas collected and the boring vas 

abandon^td. The boring vas plugged using bentonite-based grout, portland 

cement, and silica sand. The boring vas subsequently completed at the 

alternative location as indicated in Figure 3-10. 

Pottions of split-spoon samples from selected borings vere com

posited and submitted for TCL and TAL analysis. Selection of samples 

for TCL and TAL analysis vas determined based on OVA readings. Samples 

exhibiting above-background readings vere packaged and submitted for 

analysis. An attempt vas nade to collect vertical subsurface composites 

of the entire unconsolidated sequence from each nested and single boring 

location. Table 3-3 provides specific information regarding subsurface 

soil sanples submitted for this analysis. Ssuiple number SSIO is 

included in this table but vas actually collected as part of the 

investigation of the abandoned production veil, vhich is discussed in 

Section 3.9. 

TAL analyses of subsurface soil samples vere performed by Centec 

Analytical Services, Salem, Virginia; Environmental Protection Systems, 

Pensacola, Florida; Rocky Mountain Analytical Labs, Inc., Arvada, 

Colorado; Spectrix Corporation, Houston, Texas; and Versar, Inc., 

Springfield, Virginia. TCL euialyses vere performed by American 

Analytical & Technical Serrices, Inc., Tulsa, Oklahoma; California Water 

Laboratories, Modesto, California; Enseco Corporation, Cambridge, 

Mas:;achusetts; Hazleton La'soratories, Inc., Madison, Wisconsin; Nanco 

Laboratories, Inc., Vappinger Falls, Nev York; and Triangle labora

tories. Research Triangle Park, North Carolina. 
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xabla 3-3 

SUBSURFACE SOIL SAMPLE INFORMATIOR 

Sanple 

Designat Lon 

SSOl 

SS02 

SS03 

5S04 

SS05 

ssoe 

SS07 

SS08 

SS09 

SSIO* • 

SSll 

SS12 

SS13 

SS14 

SS15 

Boring 

Ruaber 

riL0102-01 

FIL0102-01 

FIL0102-01 

riL0102-04 

FIL0102-05 

FIL0102-05 

riL0102-07 

FIL0102-07 

FIL0102-11 

Abandoned Hell 

FIL0102-09 

PIL0102-10 

FIL0102-12A 

riL0102-12 

FIL0102-12 

Depth 

Interval 

23.5-25 

28.5-30 

33.5-35 

0-20 

0-30 

33.5-55 

0-30 

33.5-55 

0-30 

45 

0-30 

33.5-53 

-10 

0-8.5 

8.5-20 

(ft) 

D 

0 

5 

Date of 

Collection 

09-17-87 

09-18-^7 

09-18-87 

09-30-47 

10-01-87 

10-01-87 

10-07-87 

10-0 8-87 

10-21-87 

08-17-87 

10-14-87 

10-15-87 

10-22-87 

10-26-87 

10-26-89 

Analysis 

Perfcraed 

TCL/TAL 

TCL'/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/tAL 

TCL/IAL 

TCL/EAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/tAL 

* Analysed for VOCs only. 

'* Collectail during abandoned well Investigation. 

;ourr;e: Ecology' and Environment, Inc. 1990. 
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Soil samples from FIL0102-02, -05, -06, and -07 vere collected for 

grain size analysis. Samples for laboratory permeability testing vere 

collected from FIL0102-02 ani -06 by pushing 3-inch ID Shelby tubes into 

undisturbed cohesive soils. Shelby tubes were labeled, sealed to pre

vent moiŝ ture fluctuation, "placed in a nonfreeilng eriTironment, and 

transported to P.G. Engineering Associates, Inc., Chicago, Illinois, by 

the drilling subcontractor. 

All borings were advanced in Level B protection according to the 

Site Safety Plan. Continuous ambient air monitoring vas conducted vith 

an OVA, combination oxygen/explosimeter, radiation detector, and hydro

gen cyanide detector. 

Prior to each'sample collection, all sampling equipment was decon

taminated by initially scrubbing the split-spoon sampler vith trisodium 

phosphate and vater, and then rinsing vith clean vater, acetone, and 

finally, distilled vater. 

Prior to initiation of all borings, the drilling rig, augers, 

cutting bits, drill rods, core barrel, tools, and other associated 

equipment were decontaminated vith a high-pressure hot vater/soap steam 

cleaner and hot rinse. 

3-7.2 ><onitoring Well Construction 

A network of 12 monitoring wells was emplaced around the U.S. Scrap 

site to evaluate vater table conditions and local flov characteristics, 

vhich had not been sufficiently determined in previous investigations, 

and also to provide sampling points for obtaining information on the 

types and concentrations of contaminants present in the tvo vater-. 

bearing units beneath the site. 

The eight shallov monitoring veils vere installed to Bonitor vater 

quality in the shallov saturated Quaternary deposits. Due to expected 

low pernieability conditions in the unconsolidated material, 10-foot 

screen lengths were used in these monitoring wells. The four deep 

monitoring veils were installed in the shallow Silurian dolomite aquifer 

(Racine Formation) to monitor water quality in the upper bedrock. These 

monitoring wells were nested vith four of the shallov monitoring veils 

to determine flow characteristics betveen the upper and lover vater-

bearing units. Due to lov solid rock matrix permeability, 10-foot 
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screen lengths vere selected to intercept fractures, joints, and bedding 

planes (macropores) vithin the Silurian bedrock. 

Sttinless steel vas chosen for monitoring veil construction due to 

its general resistance to chemical attack and poor sorpcive properties 

in the presence of chlorinated organic compounds. Tvo-iri'ch ID, 

threadec, flush-jointed 304 stainless steel well casings were extended 

approximately 2.5 feet above ground level and ended in threads. Each 

well assembly terminated in a series of two 5-foot-long continuous 

wire-wound 304 stainless steel well screens vith a slot aperture of 

0.010 inch. 

All joints vere secured vith Teflon tape. Solvents vere not used 

as joining compounds. A stainless steel plug vas threaded onto the 

bottom of the 10-foot veil screen to prevent the intrusion of filter 

material, and a voited cap vas installed at the top of the casing. 

Stainless steel centering guides (centralizers) vere installed at 

30-foot intervals. All veil casings and screens vere decontaminated 

using a high-pressure steam cleaner prior to installation. 

The well screens vere surrounded by a clean silica sand filter pack 

to a level at least 2 feet abore the top of the screen. The remaining 

annulus was grouted to vithin 3 feet of the ground surface vith a 

tremie-placed high-clay solids bentonite-based grout specifically 

designed for veil sealing purposes. The ratio of clay grout to fresh 

vater (density) vas verified in the field to be at leaist 9.4 pounds per 

gallon using a mud balance. 

To provide veil security, a 5-foot-long, 8-inch ID steel protective 

casing vas centered around the monitoring veil casing and embedded a 

minimum of 2 feet into the grovt. The top of the protective casing 

extended above the inner casing and vas fitted vith a locking steel cap. 

The protective casing vas supported at the ground surface by a concrete 

pad whicli sloped avay from the veil casing to prevent runoff from 

collecting around the boring. Additionally, three bumper guards vere 

installed around each of the four monitoring veils (FILO1O2-01, -02, 

-11, and -12) to protect them from vehicular damage. These bumper 

guards cansisted of S-foot-long, 4-inch OD steel pipe, set 3 to 4 feet 

into the ground using a mixture of portland cement and clean silica 

sand. 
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After installation of the monitoring veils, elevations of the top 

of the inner casing (TIC), top of the outer casing (TOC), suid the ground 

level (CL) at the concrete pad vere surveyed for all veils. Monitoring 

wells were developed by Fox Drilling using either bailing or air lift 

techniques until either the vater had run clear. 10 veil volumes had 

been withdrawn, or the well had run dry. 

Typical construction diagrams for the shallow and deep monitoring 

wells are presented in Figures 3-11 and 3-12. A summary of well con

struction materials, depths, and other pertinent information pertaining 

to the FIT and existing STS monitoring wells is listed in Table 3-4. 

Specific monitoring construction details and other information for each 

monitoring well is contained in Appendix E. 

3.7.3 Aquifer Measurements 

Hydraulic Conductivity Testing 

Slu? tests were conducted to determine the in situ hydraulic con

ductivity of aquifer materials at seven representative monitoring veils 

at the U.S. Scrap site. Monitoring well FILOlOZ-01 was tested on 

November 17, 1987; monitoring veil FIL0102-12 vas tested on January 4, 

1988; and monitoring veils FIL0102-03, -05, -06, -07, and -10 vere 

tested oil January 7, 1988. 

A 5-foot-long, 1-inch ID PVC pipe filled vith silica sand vas used 

as a slug. A pressure transducer vas used to measure the changes in the 

vater levels during the test. Both the slug and the transducer vere 

decontaminated prior to each test using a trisodium phosphate vash and 

distilled vater rinse to prevent cross-comtaaination. 

The rising head slug test for FIL0102-01 involved placing the slug 

in the well, allowing the vater level to stabilize, and, aftervard, 

removing the slug from the veil vhile the pressure transducer recorded 

the chanjfe in head versus elapsed time. The rising head method proved 

to be too time consuming due to the slow rate of recharge of groundwater 

to the monitoring well; therefore, for tte remaining veils, a falling 

head sliij: test was conducted, which involved placing the slug in -he 

well whij.e the pressure transducer recorced the change in head versus 

elapsed lime. The data analysis for shallov veils (FIL0102-O3, -06, and 

-12) screened within the glacial till vas based on the Hvorslev nethod 
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8' I.D. PROTECTIVE CASING 
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10* STAINLESS STEEL 
WELL SCREEN 

SOURCE: Ecology and Environment, Inc. 1990. 

FK3URE 3-11 TYPICAL SHALLOW MONITORING WELL CONSTRUCTION 
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SOURCE: Eicology and Environment, Inc. 1990. 

FIGURE 3-12 TYPICAL DEEP MONITORING WELL CONSTRUCTION 
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T a b l e 3-4 

SUMHAKT OF FIT AND EXISTING MONITORINU wtLl. OLlAILS 

w«: i 

Huitcer 

r i t , 0 1 I 2 - r ) l 

I - IL0ia2-02 
i 

r i I - 0 1 3 2 - 0 3 

1 I - I I - 0 1 9 2 - 0 4 

r i I , 0 1 l ! 2 - 0 5 

1 r i i , o i a 2 - 0 6 

1 r H , 0 1 S 2 - l ) 7 

1 1 1 , 0 3 0 2 - 0 8 

111 .05(32-09 

1 1 1 , 0 1 0 2 - 1 0 

1 1 1 * 1 0 2 - 1 1 

1 1 1 , 0 1 0 2 - 1 2 

Cl-103 

0 - 1 02 

<1-103 

C1-IC4 

C1-1C5 

C o n s t r u c t i o n 

M a t e r i a l * 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

S S 

PVC 

PVC 

PVC 

PVC 

PVC 

B o r i n g 

D e p t h ( f t ) 

9 0 . 5 

3 0 

3 0 

2 0 

7 9 . 5 

2 0 

8 1 . 5 

3 0 

3 0 

8 0 

3 0 

1 9 . 5 

1 5 

1 5 

2 2 

1 5 

7 0 

W e l l 

D e p t h ( f t ) 

8 9 . 6 

2 8 . 9 

2 9 . 1 

1 9 . 7 

7 9 . 5 

1 9 . 7 

7 9 . 7 

2 9 . 5 

30 

7 9 . 9 

2 9 . 8 

1 9 . 4 

12 

8 

20 

1 2 

6 9 . 7 

S c r e e n 

L e n g t h ( f t ) 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

10 

5 

10 

F i l t e r Pac)c 

I n t e r v a l ( f t ) 

7 6 - 9 0 . 5 

1 1 - 3 0 

1 5 - 3 0 

6 - 2 0 

6 7 - 7 9 . 5 

6 - 2 0 

6 5 - 8 1 . 5 

1 5 - 3 0 

1 5 - 3 0 

6 5 - 8 0 

1 5 - 3 0 

5 - 1 9 . 5 

1 5 - 7 

8 - 3 

2 2 - 5 

1 5 - 7 

7 0 - 4 0 

U n i t 

X o n i t o r » - d 

S i l u r i a n 

Q u a t e r n a r j ^ 

Q u a t e r n a r y 

Q u a t e r n a r y 

S i l u r i a n 

Q u a t e r n a r y 

S i l u r i a n 

Q u a t e r n a r y 

Q u a t e r n a r y 

S i l u r i a n 

Q u a t e r n a r y 

Q u a t e r n a r y 

F i l l / Q u a t e r n a r y 

F i l l / Q u a t e r n a r y 

F i l l / Q u a t e r n a r y 

F i l l / Q u a t e r n a r y 

Q u a t e r n a r y / S i l u r i a r t 

* SS: consfcructisn Mater ia l i s s t a i n l e s s s t e e l ; PVC i s po lyv iny l c h l o r i d e . 

Note: . lon i to r iag wel l s G-101 through G-105 were i n s t a l l e d p r i o r to the FIT spec i a l s tudy. 

SciiTct: Eiroloc- and EcTironaent, I n c . 1990. 
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(1951) i;or unconfined aquifers. The technique outlined by Cooper et al. 

(1967) l.or confined aquifers vas used to analyze the data for veils 

screened in the bedrock (FIL01t2-01, -05, -07, and -10). 

Water Ltivel Measurement 

Vater levels vere measured in the existing STS and the FIT moni

toring veils on November 2, 3, A, 5, 17, and 18, 1987, and on April 22, 

1988. Static vater level measurements vere taken in all veils before 

purging the veils prior to sampling. A chalked, graduated stsinless 

steel tcipe vas used for each measurement. Readings vere accurate to 

0.01 foctt. The steel tape vas decontaminated prior to each measuresent 

using a trisodium phosphate vash and distilled vater rinse to prevent 

cross-ctmtaraination. 

All. measurements from monitoring veils vere recorded from the top 

of the inner casings, vhich had been previously surveyed. All ele

vations vere converted to USGS elevations, vhich are recorded in feet 

above mcsan sea level. (Vater level measurement results are provided in 

Table 4-2 of Section 4, Results and Discussion.) 

3.7.4 Croundvater Sampling-Round 1 

Groundvater samples vere collected from all FIT monitoriag veils to 

identify contaminants present in groundvater at the U.S. Scrap site and 

to deteimine the extent of contaminant migration off-site. Sampling vas 

conducted betveen November 4 and December 1, 1987. In addition to the 

off-sit«> FIT monitoring veils, groundvater samples vere collected from 

three on-site previously existing monitoring veils (G-101, G~104, and 

G-105), the abandoned deep veil located on-site, and lysimeters 1, Z, 

and 3 located on the MSD property vest of the site. Figure .V13 Illus

trates groundvater sampling locations. Splits of samples collected from 

wells on MSD property vere supplied to the MSD at their request for 

their independent analysis. Table 3-5 summarizes pertinent Bound 1 

groundwater sample information including sampling dates and locations. 

Th(? FIT monitoring veils vere sampled either immediatelj folloving 

well development or as soon as a sufficient sample volume cocld be 

obtained. The existing monitoring veils vere purged of three to five 

well volumes or until they vent dry prior to sampling. The abandoi>ed 
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/ \ 1 / / 

/ / / / / 

SOURCE: Ecology and Env i ronment , Inc. 1990. 

NOTE: Qroundwatar S a m p l * * GW13 To QWIS 

Wer« Co l loc tod From Prav lou t l y 

E x U t l n g O n - S I t * Moni tor ing Wa i l s . AVTO1 

SCALE 
200 300 

LEQENO 

400 500 FEET 

SHALLOW OnOUNDWATER SAMPLE LOCATIONS 

DEEP QROUNDWATER SAMPLE LOCATIONS 

A w b l ABANOONED WELL SAMPLE DESIGNATION 

M S 0 0 1 LYSIMETER 1 (MSD) 

FIGURE 3 - 1 3 QROUNDWATER SAMPLE LOCATIONS 

ROUND 1 (Novsmbar and Dacambar 19871 
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T a b l e 3 - S 

GROUKtWATER SA.*tPLE INFORMATICS-ROUND 1 

S a m p l e 

D e s i g n a t i o n 

S a a p l e 

I < o c a t i o n 

D a t a o f 

C o l l a c t i o n 

A n a l y s e s 

P e r f o r i n e d 

'3W01 

'3W02 

'3W03 

iiW04 

IW05 

<nn6 

<W07 

<nf08 

<W09 

CWIO 

CWll 

ci>n2 

cn<i2Dap 

CW13 

CW14 

c;wi5 

AHOl 

yisDOl 

KSD02 

^ £ 0 0 3 

ELK 

ELK 

F I L 0 1 0 2 - 0 1 

F I L a i 0 2 - O 2 

F I I , O 1 0 2 - 0 3 

F I U 0 1 0 2 - O 4 

F I U I 1 0 2 - 0 5 

F I L « 1 0 2 - 0 6 

F I l « 1 0 2 - 0 7 

F I U ) 1 0 3 - 0 8 

F I L 0 1 0 2 - 0 9 

F I U > 1 0 2 - 1 0 

F I I X 1 0 2 - 1 1 

F I I J D 1 0 2 - 1 2 

F I I . 0 1 0 2 - 1 2 

G - 1 0 4 

6 - 1 0 5 

G - 1 0 1 

A b a a d o s i e d W e l l 

L y s l B * t e r 1 

L y s l B e t e r 2 

L y s i a e t e r 3 

B l a n k 

B l a n k 

1 1 - ^ 5 - 8 7 

1 1 - ^ 1 4 - 8 7 

l l - < 5 4 - 8 7 

1 1 - 1 1 4 - 8 7 

1 2 - ^ 3 1 - 8 7 

1 1 - 0 4 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 0 5 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 0 4 - 8 7 

1 1 - 0 4 - 8 7 

1 1 - 0 5 - 8 7 

1 1 - 0 5 - 8 7 

1 1 - 0 5 - 8 7 

1 1 - 0 5 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 3 0 - 8 7 

1 1 - 0 5 - 8 7 

1 1 - 3 0 - 8 7 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

TCL/TAL 

T C V T A L 

TCL/TAL 

T C V T A L 

T C V T A L 

TCL/TAL 

TCL (VOCs o n l y ) 

TCL (VOCs o n l y ) 

TCL (VOCs o n l y ) 

T C V T A L 

TCL/TAL 

n o t e : S t a t i c w a t e r l e v e l 

D i s c u s s i o n . 

S o u r c e : E c o l o g y a n d E n v l r < 

s n r a a e n t s a r e p r o v i d e d I n T a b l e 4—2 o f S e c t i o n 4 , R e s a l t s a n d 

o m e n t , I s c . 1 9 9 0 . 
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deep well vas not purged prior to sampling because sampling vas con

ducted to characterize the vater contai.ied in the open casing. The 

ambient air at the veil head vas aonitoied usicg an OVA, a hydrogen 

cyanide detector, and a combination oxygen/explosimeter. 

Purging and sampling vere conducted using I 1/4-inch ID bottom-

loading stainless steel bailers and nylon rope. A nev section of rope 

was supplied for each sample to prevent cross-contamination. The 

bailers were decontaminated prior to ScUipling each veil using a tri

sodium phosphate vash and distilled vater rinse. Field measurements 

vere obtained for pH, conductivity, and temperature. Filtering of the 

inorganic fractions vas accomplished using a peristaltic pump vith 0.45-

micron membrane filters. The pump vas decontaminated and filters vere 

replaced prior to filtering each sample. 

Samples collected from HSD lysimeters 1, 2, and 3 vere only 

analyzed for volatile organic compounds (VOCs) due to the lov sample 

volume available. 

TAL analyses of groundvater samples vere performed by Rocky 

Mountain Analytical Labs, Inc., Arvada, Colorajfo, and Versar, Inc., 

Springfield, Virginia. TCL analyses vere performed by Bnseco Corpora

tion, Cambridge, Massachusetts, and American Astalytical & Technical 

Services, Tulsa, Oklahoma. 

3.7.5 Groundvater Sampling-Round 2 

Round 2 groundvater sampling took place <XL May 17, 18, and 19, 

1988. Groundvater samples vere collected from all FIT off-site moni

toring veils, from the five on-site previously existing monitoring 

veils, and, additionally, from an outfall from a groundvater inter

ception line on HSD property vest of the site. Figure 3-14 provides the 

Round 2 groundwater sampling locations. Splits of samples collected 

from wells on MSD property vere supplied to MSD for i t s independent 

analysis. Table 3-6 summarizes pertinent Round 2 groundvater sanple 

information including sampling dates and locations. 

Vithin 24 hours prior to saapling, all veils vere purged of at 

least three to five veil volumes or vere purged until dry. Purging and 

sampling techniques, equipment, decontaminatica procedures, filtering. 
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SOURCE: Ecology and Envlronmant, Inc. 1990. 

NOTE: Groundwatar Samplaa aW28 to QW32 
Wara Collactad From Pravloualy 
Existing On-Sita MonltorinQ Waiit. 

100 
SCALE 

200 300 400 SOO FEET 

LEQENO 
# SHALLOW GROUNDWATER SAMPLE LOCATIONS 

- Q - DEEP GROUNDWATER SAMPLE LOCATIONS 
• DRAW-OFF BOX 

MSOO* SAMPLE COLLECTED FROM AN OUTFALL FROM AN 
INTERCEPTION LINE ON MSD PROPERTY 

FIGURE S-M GROUNDWATER SAMPLE LOCATIONS 
ROUND 2 (May 198a) 
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T a b l e 3 - 6 

GROUNDWATER SAMPLE INFORMATIOX-ROUND 2 

E > c s i g n a t i o n 

Sample 

Location 

Data of 

Collection 

Asalyses 

Perforaed 

GV16 

GV17 

GK18 

GK19 

GK19DUP 

GK30 

Gt(31 

GK22 

GK33 

GW34 

G I 0 5 

Gir26 

Gir27 

G n 8 

Gir29 

GIQO 

Gli31 

G t a i D O P 

G»f32 

MSOO 4 

BLK 

BLX 

BLK 
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Soarca: Ecology and Environaent, Inc. 1990. 
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and field sample measurements are the same as described for Round 1 

groundvj.ter sampling. 

Lo«' sample volumes in monitoring veils FIl0102-05 and -09 resulted 

in omit ling from analysis the TCL extractable and TAL analyte fractions 

for FIUI102-05, and the TAL metals fraction tor 1'IL0102-09. 

TAI, analyses vere performed by Versar, Inc., Springfield, Virginia, 

and TCL analyses vere performed by DataChem, Salt Lake City, Utah. 

3.8 TEfT PIT EXCAVATIONS 

3.8.1 Excavation Technique and Equipment 

Fi;je test pits vere excavated by Haztech, Inc., Sylvania, Ohio, 

under direct supervision of the FIT to characterize the type, depth, and 

concentiation of hazardous material buried at the U.S. Scrap site. 

Figure 3-15 shovs the locations of the test pits. Tvo of the test pits 

(TP04 ard TP05) vere located in "hot spot" areas as identified by 

infrared aerial photography during the underground fire of 1985 (U.S. 

EPA 198£). Hot spot areas indicate potential buried drum locations. 

The potential for buried drums at these tvo locations vas also supported 

by geophysical survey results. These tvo test pits vere approximately 8 

to 12 feet long at the surface, 5 feet vide, and 17.5 feet (TP05) and 25 

feet (TE04) deep. The other three test pits (TPOl, TP02, and TP03) vere 

located using geophysical survey data and subsurface observations made 

during boring FIL0102-12A. These pits vere approximately 8 to 12 feet 

long at the surface, 5 feet vide, and 10 feet deep. Test pits vere 

excavated until one of the folloving situations occurred. 

• The pit vas excavated until clay vas reached, indicating 

that the excavation had extended to and through the bottom 

of the fill; or 

• The pit vas excavated until groundwater flowed into the pit 

and Bade further digging dangerous because of poor 

visibility into the pit and the difficulty of not being 

able to see what type of material was being excavated. 

3-37 



1 1 1 i I 11 i i i I i 1 1 i i i 11 i I i i I i i I n 111 i 11111 11 i i 11 111 i i 1 1 i I i i i I I i 11 i 1 1 1 1 1 ' 1 1 1 i i I i i 111 l i i 11 i 1 1 i 1 1 i I 1111 i i I 11 i i i I i i i 1 1 i I i i I m 1 1 1 1 1 1 1 i I I I I I 1111 i I i I " 1 1 " I ' ' " ' ' ' " " ' ' ' 
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Th(> excavations vere conducted vith a John Deere 690B track hoe 

equipped vith an extendable arm and a vide bucket. Adjacent to each 

excavat:.on an enclosed berm approximately 3 feet high vas constructed 

using cl.ean clay fill material supplied from an off-site source. This 

berm vaj! used to contain the material removed from the test pit-

Vh(>n intact drums vere encountered during excavations, each drum 

vas placed in an 85-gallon overpack drum and moved to the bermed staging 

area. Crushed drums and drum fragments vere examined by the field crev 

and then placed in the bermed area. 

After each pit vas excavated to the desired depth and investigated, 

the exctivation vas backfilled vith the in situ material, including the 

crushed drums and drum fragments that vere not overpacked, eind capped 

vith 1 to 1.5 feet of clean clay supplied from an off-site source. A 

Case 14'OB front-end loader vas used to backfill and cap the excava

tions. This loader vas also on hand for emergency support in the event 

that igritable or explosive vaste vas encountered. 

The excavation activities vere performed using Level B protection. 

Both the track hoe and loader vere equipped vith an enclosed cab, 

Plexiglas vindovs, cuid bottled air. All equipment and personnel vere 

decontaninated after each test pit excavation or vork break. Decontami

nation was conducted using a hi^i-pressure steam cleaning unit vith 

vater from the Chicago Fire Department. A thorough decontamination vas 

conducted after completion of all the test pits, and before the equip

ment vas removed from the site. 

3.8.2 Test Pit Sampling 

Representative samples vere collected at 2- to 3-foot depth inter

vals from each test pit. Soil samples vere screened vith an OVA, a 

hydrogen cyanide detector, a cori>ination oxygen/explosimeter, and a 

radiation detector. After screening, the samples vere collected from 

the track hoe bucket before deposition of the removal material into the 

bermed containment area. All sampling activities vere conducted in 

Level B protection. Ambient air around the track hoe bucket vas also 

monitored to ensure that action levels for Level B protection vere not 

exceeded. In the event that high organic vapor concentrations vere 

encountered during excavation activities, a stockpile of clean clay vas 
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available at each test pit for vapor suppression purposes. Radio 

communication vas maintained continually betveen the field equipment 

crev, eiiuipment operators, decontamination station, aid the command post 

during tjxcavation activities- Table 3-7 lists test pit sample infor

mation. 

TAI., analyses of test pit samples vere performed by Enseco Corpo

ration, Cambridge, Massachusetts; Rocky Mountain Analytical ].>abs. Inc., 

Arvada, Colorado; aad Chentech Consulting Group, New York, New York. 

TCL analyses vere performed by Acurex Corporation, Mountain View., 

California, and Roy F. Veston, Inc., Lionville, Pennsylvania. 

3.9 AB^MKDNED VELL INVESTIGATION 

Duiing the investigation of the U.S. Scrap site, a steel-cased 10-

inch-diameter open hole vas located approximately 35 feet south of the 

old loading dock area. The open hole is considered to be the remains of 

an abandoned production veil used by the malting plant operations. 

Investigation of the abandoned veil included a reviev of area veil 

logs; measurements of veil depth and vater levels; ssunpling of vater and 

sediment from vithin the veil; and bail testing to determine the re

charge potential. 

On July 28, 1967, a bail test vas conducted to determine the re

charge rate of vater into the open hole. This test vas conducted by 

lovering the vater level and monitoring the rate of recovery. Vater 

levels vere recorded prior to depression of the vater level, immediately 

after depression of the water level, and for a period of time during 

recovery. 

Scimpling of accumulated sediments at a depth of approximately 45 

feet vas conducted on Auigost 17, 1987, by dropping a 3-inch ID split-

spoon sanpler connected to a vire line dovn the veil. The free-falling 

weight of the sampler vas sufficient to allov retrieval of the required 

sample VDlume after three or four repetitions. 

On November 5. 1987, a sample of water from vithin the well was 

collectei and submitted for TCL and TAL analysis. 

Sediment samples vere analyzed by Rocky Mountain Analytical Labs, 

Inc., Ar/ada, Colorado, for TAL fractions and by California Vater 

Laboratories, Modesto, California, for TCL fractions. 
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Veil vater samples vere tested by Versar, Inc., Springfield, 

Virginia for the TAL analysis. TCL analysis vais performed by Enseco 

Corporation, Cambridge, Massachusetts. 
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RESULTS AND DISCUSSION 

4.1 PHYSICAL RESULTS AND DISCUSSION 

Th::s section presents the results of observations and measurements 

made during the site mapping and subsurface exploration portion of the 

hydrogeologic investigation euid the results of aquifer tests. In 

addition, results of the geophysical investigation and test pit exca

vation cire presented as veil as discussions of site stratigraphy, 

litholo(7, and surface vater hydrology. Also presented are results of 

the abandoned veil investigation. 

t 

4.1.1 Siite Topography 

Results. Observations and measurements made during site mapping 

revealed approximately 20 feet of vertical relief. The vestern border 

of the site drops off sharply to the east from the C & VI Railroad 

right-of-vay. The clay cap over the northern burn area forms the 

highest topographic point on-site. Figure 4-1 is a topographic map 

constructed from elevation survey data shoving prominent site features 

and structures. The only perennial surface vater impoundment on-site is 

an approximately 3,000 square-foot lagoon located near the eastern 

border, north of the silos. Although the exact depth of the lagoon was 

not determined, it is regarded as the lowest point on-site, based on 

topographic survey results and its perennial nature. 

Figure 4-2 depicts surface topography of the site and surrounding 

area, which was of interest during various phases of the investigation. 

Thi.s map vas constructed from aerial photographs (U.S. EPA 1952, 1970, 

1986), MSD plans (MSD 1985), and FIT elevation data. From this figure 
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SOURCE: Ecology and Envlronmant. Inc. 1990(Based on U.S.EPA Aerial Photographs, 
MSO Plans, and FIT alavatlon data.) 
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it can he seen that the C & WI Railroad right-of-vay, vhich borders the 

site to the vest, presents a local topographic high. MSD sludge drying 

cells and the contoured vetland habitat area are clearly discernible 

west of the C & VI Railroad right-of-vay, and portions of the MSD sludge 

lagoons are visible east of the site. 

Diiicussion. Comparison of site conditions observed during the 

elevaticin survey vith historical aeried photographs of the site 

indicat€;s that excavation and fill activities have modified the land 

surface at the site. The north clay cap (north burn area) is the most 

prominert surface modification noted on-site. This area is thought to 

contain debris from the demolition of the malting plant operation (STS 

1981). Additional site topographic features, attributed to historical 

influences, include the runoff interception drainage ditch and associ

ated excavation material along the eastern edge of the site, the 

perennial lagoon in the east-central portion of the site, numerous 

discrete mounds of demolition debris and fill on the northern and 

east-central portions of the site, and depressions located just north of 

the silos and in the southeastern portion of the site vhere sufficient 

elevation control could be aaintainetf. The most prominent features have 

been incorporated in Figure 4-1. 

4.1.2 Geophysical Characteristics 

Tvo types of geophysical surveys vere conducted at the U.S. Scrap 

site. A magnetometry survey vas conducted to identify on-site areas of 

drum burial. The magnetometry survey vas also performed to augment data 

obtained from a magnetometry survey conducted at the site during a pre

vious investigation. Electromagnetic surveys vere also performed at the 

U.S. Scrjip site. Electromagnetic surveys vere conducted over tvo 

separate areas of the site. These tvo specific survey locations vere 

chosen based on the results of the magnetometry survey. These electro

magnetic surveys vere conducted to better identify possible buried drum 

location;; in areas of high magnetic anomalies. 

Magnetometry Survey Results. The magnetometry survey yielded data 

ranging ::rom 54,635 to 60,425 gammas using total field measurements. 
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The dat.2 have an average value of 57,530 gammas vith the majority of the 

magnetic anomalies concentrated vithin the northern half of the site. 

These data are provided in Appendix F. 

A trend surface analysis vas run on the data to determine vhether 

any regional magnetic trends could be detected. Three different 

analyse;?, linear, polynomial, and cubic, vere used to evaluate the data. 

All thrtje analyses had correlation coefficients of less than 40X, thus 

indicating that no apparent regional magnetic trend vas present over the 

survey area. 

Th<> magnetic data indicate three areas of concern, designated Meigl, 

Mag2, and Mag3, as shovn in Figure 4-3, vith respect to buried 

ferroma^rnetic objects such as drums, etc. Areas Mag2 and Mag3 include 

the tvo areas suspected to have had landfill activity during the site 

operation. 

Ma(;l contains one major anomaly vith a magnetic gradient of 

approxitiately 5,000 gammas over a 50-foot area, from coordinates 

(-50, +50) to (-50, +100). The anomaly in this area shovs a northvest 

to southeast trending ridge of high readings. 

Ma{:2 includes three areas of anomaly: 1) the northeast, 2) the 

vest-central, and 3) the southeast. (Readings *vithin these areas vere 

above 5S),000 gammas. 

Ma{:3 has one area of magnetic anomaly. This auiomaly has an 

apparent: magnitude of approximately 2,500 gammas over a 50-foot range. 

HafT>etometry Survey Discussion. Base magnetic reference readings 

obtainec: during the magnetometry survey shoved an overall total field 

magnetic; drift of approxiaately 150 gammas. The level of variance vas 

deemed insignificant irfien compared to the size of the observed anomalies 

(approximately 2,000 gammas) obtained during this survey. The observed 

magnetic drift vas therefore not corrected in the data presented in this 

report. 

Twc data points vere omitted from the survey because they had high 

levels cf surface interference associated vith them. The surface 

interference vas attributable to large amounts of metal on or near the 

surface. The data points that vere omitted (survey points 65 and 76) 
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vere replaced vith the average of the data points immediately sur

rounding: them. 

Th{! magnetic data vere contoureo using a Kriging contouring algo

rithm and a 500-garama contour interval. These data are displayed in 

Figure ^-3. Magi vas not extensively examined because of surface 

interfeience attributable to piles of scrap metal and discarded con-

structicn equipment (e.g., a crane boom). The construction equipment 

was considered to be the primary source of the observed anomalies in 

this zore. 

Mag2 includes the area referred to as the north clay cap, or the 

north burn area at the site. This area contains three major anomalies, 

all vith apparent magnitudes greater than 3,000 gammas. Because no 

apparent magnetic trend vas discovered using a trend surface analysis, 

these anomalies may be attributed to metallic sources located at or near 

the surface. That all three anomalies are multiple-point anomalies also 

strongly indicates the presence of metallic sources at shallov depths. 

Mag3 contains the southern landfilled section of the site and 

covers approximately 15,000 square feet. Mag3 contained one major 

magnetic anomaly vith an apparent magnitude of 2,500 gammas, suggesting 

a metallic source in the vicinity. Hetallic objects vere not observed 

at the surface in this area, indicating a ferromagnetic source beneath 

the surface. 

Since both areas Hag2 and Mag3 had relatively large magnetic 

anomalies and both vere suspected of containing objects in their land-

filled portions, an electromagnetic survey vas conducted to further 

define locations of the assumed buried objects in these areas. 

Electromaignetic Survey Results. Data from the electromagnetic 

survey indicate zones of high conductivity at both EMI (a subsection of 

the Mag2 area {Figures 4-4a and 4-4b]) and EM2 (a subsection of the Mag3 

area (Fi;jures 4-4c and 4-4d]). 

EMI (the north clay cap) has tvo zones of high conductivity 

indicated at depth (vertical dipole). The zone in the northvest corner 

of the survey area has a maximum conductivity of approximately 160 

millimho;; per meter. The zone at the south end of the survey area has a 

maximum conductivity of approximately 220 millimhos per meter. The 
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average background conductivity for the vertical dipole mesisurements is 

approxinately 75 millimhos per meter. The horizontal dipole measure

ments at the south end of EMI indicate high conductivity along the vest 

and south edges of the area. A single zone of high conductivity (ap

proximately 175 millimhos per meter) is located in the central portion " 

of EMI. The average background conductivity for these measurements is 

approxinately 100 millimhos per meter. 

EHl (the south clay cap) indicated a zone of high conductivity in 

both th<3 horizontal and vertical dipole measurements. The zones of high 

conductivity coincide and are oriented northvest-soutbeast through EM2. 

At deptli (vertical dipole), the maximum conductivity is approximately 

130 millimhos per meter. The shallover readings (horizontal dipole) 

have a loaximum conductivity of approximately 145 millimiios per meter. 

Electromagnetic Survey Discussion. The contoured data are shovn in 

Figures 4-4a through 4-4d. 

Fif^ures 4-4a and 4-4b represent the data obtained from EMI, the 

north c].ay cap. Figure 4-4a, the vertical dipole survey, represents a 

penetrai:ion depth of 15 meters (approximately 48.75 feet). This figure 

shovs a lov conductivity trend orient'ed northeast-southvest through the 

center of the area. There are tvo zones of high conductivity, along the 

northve<:t side of the survey area and in the southeast corner of the 

survey cirea. These areas of high conductivity are thought to be zones 

of probe.ble drum burial. Figure 4-4b, the horizontal dipole, represents 

the ground conductivity at a depth of 7.5 meters (approximately 25 

feet). This figure shovs a trend of high conductivity orieited north-

vest-soitheast. Generally, this horizontal trend correlates vith the 

overall vertical trend seen in Figure 4-4a, vhich indicates areas of 

high corductivity in the northvest and southeast corners of the survey 

area. Figure 4-4b shovs one prominent high at (+500, +125). This zone 

of high conductance may represent buried drum material or another highly 

conductive object close to the surface at this point. This high con

ductivity value correlates vith a magnetic high detected in the north

east central region of Mag2 in the magnetometry survey. The correlation 

indicates the presence of a large, magnetic, highly conductive source 

body buried at depth in this area. This source body nay be buried 
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driuis. The correlation betveen these tvo geophysical surveys (magnetic 

and electromagnetic) prompted FIT to propose this location for a test 

pit. 

Fijfures 4-4c and 4-4d represent data collected in area EM2, the 

south clay cap. Figure 4-4c represents the vertical measurements and 

appears to shov a ridge of high conductance oriented in a northvest-

southea;!t direction trending through the center of EM2. These readings 

correla':e well vith a ridge of high conductance in Figure 4-4d. The 

ridge ol: high conductance in Figure 4-4d is oriented in the same 

direction as in Figure 4-4c, only it is located slightly further 

northeaiit. The ridges in both figures correlate vith a magnetic anomaly 

in the center of magnetometry area Mag3. 

4.1.3 iiite Stratigraphy and Lithology 

Stratigraphic data presented in this section vere developed from 

the results of soil borings and test pit excavations completed during 

this in\estigation and from similar data collected by STS Consultants, 

Ltd., during their previous investigation (STS 1982). Based on this 

information, geologic cross-sections illustrating the stratigraphy 

encountered at the U.S. Scrap study a'rea vere developed. Figure 4-5 

shovs the location of borings used in cross-sections A-A', B-B', and 

C-B. Figures 4-6, 4-7, and 4-8 shov cross-sections A-A', B-B', and 

C-B, respectively. Boring logs detailing the lithology at each boring 

location are presented in Appendix E. All core samples collected in the 

field vere described by a FIT geologist and classified, vhere appropri

ate, into geologic formations after a reviev of the available litera

ture. Test pit logs detailing the subsurface conditions found during 

on-site excavations are presented in Appendix G. 

Tvo formations vere encountered during the off-site drilling 

perliormed during this investigation. In descending order, the tvo 

foniations; are a glacial till unit identified as the Vadsworth member of 

the Vedron Fomation, zind a Silurian-age dolomite of the Racine 

Format ion. 

The Vadsvorth till consists of silty clay and clayey silt, vhich 

ranges in thickness from 52.5 feet in boring FIL0102-07 to 62 feet in 

boring FI1X)102-05. The till directly overlies the bedrock formation. 
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The Vadsworth till can be divided into tvo units, an upper 

weathered till which is a dark grayish brown color (2.5Y 4/2) and a 

lover unveathered till which is a dark gray color (5Y 4/1-lOYR 4/1) 

(Hunsell Color MacBeth 1975). The brovn color of the weathered till is 

attributed to oxidation, vhile the gray color of the unweathered till is 

typ)ical of reducing conditions. The transition from the weathered to 

the unweathered till was clearly visible during split-spoon sampling, 

and ranjed from a depth of 13.5 feet to 28.5 feet below the surface in 

off-sita borings. On-site, STS boring logs indicate a similar sequence 

vithin the till, although the upper weathered z o n e may have been 

partially or fully removed and replaced with fill and waste materials at 

disposal pit locations. 

Results of sieve and hydrometer analysis (ASTM D248) of eight till 

samples taken from various depths in both the weathered and unveathered 

zones (Table 4-1) indicate that, in general, grain size gradually 

increasiis with depth as the till grades from a silty clay near the 

surface to a clayey or silty sand immediately above bedrock. The 

percentages of clay, silt, and sand in a sample from 13.5 to 15 feet in 

boring l'IL0102-07 were 73, 27, and 1 percent, respectively, whereas the 

percentages in a sample from 58.5 to '-60 feet in the same boring were 20, 

20, and 60 percent, respectively. Additional samples from other borings 

and froii intermediate depths indicate grain size percentages between 

these tvo extremes. Throughout both weathered and unweathered tills 

were shale and dolomite fragments. Dolomite pebbles predominate in 

lower portions of the unveathered till. This pebble lithology is 

probabl]' the result of the incorporation of Devonian shales and Silurian 

dolomitiis in glacial deposits originating from the lake Michigan basin 

(Willman 1975). The silty and clayey character of the Vadsvorth till 

has also been attributed to the incorporation and comminution of Lake 

Michigan basin shales (Villman and Frye 1970). Another possible 

explanation for the fine-grained texture of the Vadsworth is the in-

corpora:ion of preglacial lake sediments deposited in early Lake 

Michigan basin lakes (Krumben 2933). Distinct sand or gravel seams 

which would affect the hydraulic capacity of the till vere generally not 

observed in on-site or off-site borings. 
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Table <-l 

SUMMARY or RESULTS FROK SIEVE AND HYDR0METE3 ANALYSES 

Saiiple D«pth (ft) Boring % Clay * Silt « Sand Classification 

13.5-15 

18.5-20 

18.5-20 

28.5-30 

33.5-35 

38.5-40 

4 3.5-4 5 

58.5-60 

r i L O l 0 2 - 0 7 

r i L 0 1 0 2 - « 5 

FIL0102-O9 

r iL0102-O9 

r r L O i 0 2 - 0 7 

r i L 0 1 0 2 - « 5 

riL0102-<)5 

r i L 0 1 0 2 - « 7 

73 

48 

3« 

50 

45 

38 

34 

20 

27 

44 

41 

45 

42 

47 

41 

20 

1 

8 

19 

5 

10 

14 

23 

60 

S i l t y c l a y 

S i l t y c l « y 

Clay«y « i l t 

S i l t y c l a y 

S i l t y c l a y 

Clayay a i l t 

Clay«y m i l t 

S i l t y ssDd 

Source: Ecology and EDTIronaeat, Inc. J990. 
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In the weathered till, fractures, macropores, soil joints, or root 

channel:; vere noted at every off-site boring location. Fractures vere 

coDimonly identified in split-spoon samples from depths of 5 to 15 feet, 

althougli fractures were noted as deep as 30 feet below the surface in 

borings FIL0102-05, -09, and -10. Tvo types of fracture sets vere 

identified. Small-scale fractures surrounding cube-shaped 1/2-inch to 

1-inch :5oil peds vere found near the surface where the Vadsworth till is 

presently exposed to the atmosphere. Yellov-brovn to red-bro>»Ti oxida

tion stains, indicating recent veathering and vater movement, vere found 

along tliese fractures in the graded vetlands portion of the HSD property 

vest of the C & WI Railroad embankment (near FIL0102-09 and -10). The 

cause o:E these fractures is probably desiccation or freeze/thav cycles. 

The othî r fracture pattern, termed large-scale fracturing (Henry 1982), 

consists of larger aperture, subvertical and subborizontal fractures 

vhich a::e spaced further apart than small-scale fractures and vhich may 

extend laterally for considerable distances. Although the apertures of 

the larjre-scale fractures tend to decrease vith depth, fractures of this 

variety vere generally identified in the 5- to 30-foot depth range. 

Both ty)>es of fractures appear to impart a secondary permeability to the 

veather«Ml till. This is evidenced by the presence of water, oxidation 

stains on small-scale fractures, and authigenic selenite (gypsum) found 

along miiny large-scale fractures. 

Th<> occurrence of authigenic selenite indicates the minimum depth 

to vhidi oxygenated vater (e.g., precipitation) can infiltrate into 

the til!L along large-scale fracture pathways. Tlie mineral gypsum 

(CaSOy ' 2 E J 0 ) precipitates at shallow depths in a colorless, clear 

crystalline form called selenite. According to Freeze and (3terry 

(1979), shallov precipitation of selenite may result from a combination 

of wate;: infiltration, iron sulfide oxidation, calcite dissolotion, and 

evapotriinspiration. Crystalline prism plates eind rosettes of selenite 

ranging in size from coatings on fractures to approximately 3-inch 

length;; vere found at depths up to 15 feet in off-site borings and 

embedded in fractures along the bank of the MSD pond vest of the rail

road ernlTankment. The narroving of fracture apertures nay inhibit the 

grovth of selenite precipitates at greater depths. Hovever, it is 
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assumed that narroving fractures vill not prohibit the infiltration of 

vater until the unveathered till is encountered. 

The fracture frequency and aperture size for both the small-scale 

and large-scale fractures vithin the veathered till appear to decrease 

vith depth. As expected, these features vere not observed in the 

unweathered till 30 feet belov grade. The massive nature of the 

unveathered till appears to continue to the bedrock surface belov. 

Bedrock underlying the Vadsvorth till member is a Silurian-age 

dolomite identified as the Racine Formation. On-site, the Racine has 

been described from observations of diamond bit core samples (size NO) 

collected from borings FIL0102-01, -05, -07, and -10. Fourteen to 

tventy-six feet of competent bedrock vas cored at each boring location. 

Based on these cores, the Racine belov the site is a light greenish-gray 

to gray, fine-grained, argillaceous and calcareous dolomite. It is 

generally thin- to medium-bedded and contains minor bioturbation and 

fossiliferous zones throughout. Fractures vere observed in each core 

seunple, with slickenside fractures (suggesting minor bedrock movement) 

noted at 79.5 and 81.7 feet in boring FIL0102-05. Both subhorizontally 

and subvertically oriented fractures were observed, with fracture 

aperture ranging from approximately 0.5 to 2.0 millimeters. A few of 

the fractures vere filled vith a greenish, moderately plastic clay 

indicating groundwater movement and deposition of fine-grained materials 

within the fracture system. 

A highly fractured and veathered zone vas generally found approxi

mately 5 feet above competent bedrock. This zone vas identified through 

split-spoon samples, because FIT vas unable to core the material. The 

depth to competent bedrock ranged from 59.5 feet belov the surface in 

borings FIL0102-07 and -10 to 74.5 feet belov the surface In boring 

FIL0102-01. Figure 4-9 shovs the elevation above mean sea level of the 

bedrock surface as determined from FIT borings and previously existing 

boring G-105. The bedrock surface appears to slope in a north-northeast 

direction toward an east-vest trending*bedrock valley knovn as the 

Handle)' Valley, located approximately 1.5 miles north of the site. 

Prior to the erosion of this valley during Middle Devonian and Late 

Missisi.'ippian time, the Racine dolomite vas subjected to regional 

tectonic movements. As a result, a series of east-vest trending folds 
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vas created vithin the bedrock, changing the original eastvard dip of 

bedding planes vithin the unit. The axes of these folds and the ap

proximate location of the site in relation to these folds is shovn in 

Figure 4-10. Because groundvater flov in the upper bedrock is 

controlled by fractures, bedding planes, and the solution cavities that " 

form along these fractures, groundvater flov direction may be controlled 

by the dip of these folds. 

4.1.3.1 Fill and Vaste Materials 

Other materials that vere identified during the investigation 

include various types of surficial fill material and vasties. The depth 

and consistency of these materials were identified primarily by test pit 

excavations on-site and the results of soil borings at on-site loca

tions. Figure 4-11 shows the locations of test pits and on-site soil 

borings that penetrated fill materials. The depth of fill encountered 

at each location is also shown. At some locations, test pit excavations 

were halted before the underlying clayey till was reached. The depth of 

fill at these locations is indicated by the depth reached, preceded by a 

"greater-than sign" (>) on Figure 4-11. Results of chemical analysis of 

soil and waste samples collected from' FIT test pit excavations are pre

sented in Section 4.2.2.4. 

On-site, fill materials appear to be spread across the length of 

the site, vith significant thicknesses found south of the concrete silos 

and in the central portion of the site north of the loading dock. Tlie 

east side of the C & VI Railroad embankment also has been used as a 

retaining vail for fill material and debris. 

Historic aerial photographs taken on April 10, 1970, reveal that 

large surface impoundments or pits vere dug in both the north and sooth 

fill areas. Numerous smaller- pits can also be observed in the base of 

the railroad embankment (Figure 4-12). These pits vere subsequently 

filled to the approximate elevations shown on Figure 4-1, creating a 

mounded area in the northern half of the site and less of a slope along 

the embankment. The surface of*the fill does not appear to have been 

graded or compacted significantly as evidenced by the minor settlement 

depressions and scattered surficial deposits found across the site. 
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Spoils from the drainage impoundment excavated on the east side of the 

site remain mDunded around the impoundment and along the drainage ditch. 

Based on the test pit results, the fill material is a heterogeneous 

mixture of sandy, gravelly clay, and demolition debris (e.g., bricks, 

concrete, and vood) probably derived from the destruction of the old 

malting plant. These materials have been used for filling surface 

depressions and covering vaste material and drums deposited in the 

impoundments on-site. Test pits excavated in these impoundment areas 

revealed paint residues, sludges, tar, and oil-soaked materials belov 

the surface. The organic nature of these materials vas confirmed by OVA 

readings of ambient conditions, vhich exceeded 1,000 ppm total organic 

vapor at some locations. 

In test pit 4 (TP04) layers of both crushed and intact dtnms vere 

found betveen layers of demolition debris to a depth of 25 feet. Oils 

and multicolored liquids vere observed oozing from some drums during 

excavation. Crushed and intact drums or drum fragments vere also found 

in TP02 and TP03. In TP03, drums appeared charred from the 1985 under

ground fire. A greenish-colored liquid vas also observed near the 

surface in TP02 and TP03. 

In each test pit, static groundwater vas encountered during ex-

cavatin,9r or vas observed seeping from the sidevalls of the pit into the 

excavation. Vater vas generally 3 to 7 feet belov ground surface and 

exhibited a black and oily, iridescent appearance. 

Th'; exact depth and number of impoundments used for on-site vaste 

disposal are unknovn. Information from a former U.S. Scrap enployee 

(U.S. E?A 1986) indicates that the impoundment in the north-central 

portion of the site may be 40 feet deep. Allegedly, disposal pits vere 

also duj; into the base of the railroad embankment and covered vith 20 

feet of fill. Based on the extent of fill materials observed at the 

site and the results of geophysical surveys, additional vaste pits and 

burial ureas are presumed to be on-site. 

Off-site, fill and vaste materials vere found north of tte U.S. 

Scrap .site fence. In TPOl, sludge and crushed drums vere foutd fron 3.5 

to 7.5 Eeet belov the surface. This debris vas mixed vith fill material 

similar to fill used on-site. OVA readings greater than 1,00D ppm vere 

recorded near drums found at 5 and 6 feet belov the surface. At the 
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present time, it is not knovn vhether fill and vaste materials found in 

this area are the result of drvm recj'cling operations at the U.S. Scrap 

site. 

Fill materials vere also found in off-site borings FIL0102-01, -02, 

-03, -07, -08, -11, and -12. Vith the exception of FIL0i02-12, fill in 

these borings is thought to be related to the construction of MSD 

facilities on vhose property these borings are located. No vaste 

materials or visibly contaminated soils vere observed in split-spoon 

samples of this material, and no OVA readings above background vere 

recorded. 

4.1.4 Sroundvater Hydrology 

This section discusses the various groundvater parameters 

investigated at the U.S. Scrap site. The topics discussed are 

hydrogeologic zones, groundvater flov, hydraulic gradient, hydraulic 

conductivity, and groundvater velocities. 

4.1.4.1 Hydrogeologic Zones 

For the purposes of this study and to aid in the understanding of 

the grojndvater flov system at the U.S. Scrap site, the site strati

graphy h a s been categorized into hydrogeologic zones based on the 

vater-baaring or vater-retarding capabilities of each stratum relative 

to adja:ent strata. Tvo vater-hearing zones, designated the upper zone 

and lov'jr zone, were found separated by a vater-retarding zone at the 

site. These zones vere identified through the correlation of boring 

logs, evaluation of vater level measurements, and reviev of the previous 

groundw:iter study (STS 1982), and are described belov. 

Up;}er Vater-Bearing Zone. Groundwater in this zone is found within 

the fill material and the upper weathered 10 to 30 feet of the Vadsvorth 

till. All monitoring wells installed at the site, with the exception of 

bedrock wells, were emplaced to monitor this zone. Based on the lithol-

og}' enc<juntered eind potentiomeiric measurjement from shallow on-site and 

off-siti» wells, the water table in the upper zone appears to be located 

at an average depth of 6 feet belov the surface in off-site wells and 3 

feet below the surface in on-site wells. 
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The appearemce of the water table closer to the ground surface 

within the ."ill on-site is the result of a perching effect caused by the 

less permeable till below. The till appears to keep the water table 

winhin the fill, causing predominantly saturated conditions to exist 

on-site. This situation was in evidence during test pit excavations, 

vhich encountered the water table or became filled with water during 

excavation. The clay-constructed railroad embankment on the west side 

of the site also serves to retain groundvater vithin the fill, thereby 

inhibiting rapid drainage off-site. Recharge to the fill occurs by the 

infiltration of precipitation and runoff from the railroad enbankment. 

The storm vater drainage ditch and lagoon on the east side of the site 

also act as recharge points folloving precipitation. Previously in

stalled veils G-101, G-102, G-103, and G-104 all monitor groundvater 

conditions in the fill. 

Groundvater vithin the till occurs in hydraulic pathvays such as 

fractures, silty zones, and structural features (soil ped surfaces) 

evident in veathered portions (0 to 30 feet) of the formation. These 

feature:; impart a secondary permeability to the otherwise dense till, 

vhich i."! characterized by relatively lov permeability. These features 

are assumed to exist belov the fill auid vaste material on-site because 

they vere observed at each off-site boring location surrounding the 

site. Boring logs indicate that the extent and frequoicy of observable 

fracturjis diminish from 10 to 30 feet belov the surface. Fractures vere 

not observed belov 30 feet. This absence of fractures and vater-

transmitting features in lover, unveathered portions (30 to 60 feet) of 

the till allovs a steep dovnvard flov gradient to form betveen the 

upper, t'eathered portions of the till and the bedrock aquifer belov. 

This prcivides evidence that the unveathered till zone foras an effective 

head dissipation zone of lov hydraulic conductivity, vfaich retards the 

flow of groundvater betveen the veathered till and the bedrock. 

Th€i presence of authigenic selenite within fractures in the upper 

till prcvides further evidence of groundvater movement in the fracture 

system. The occurrence of these precipitates in fractures rather than 

in the intergranular pore spaces of the till indicates that groundvater 

flows preferentially vithin these fractures. Monitoring veUs that 
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intersect the fracture netvork exhibit the hydraulic potential (head) 

vithin the fractures at the monitoring point. 

Recharge to the till occurs through the direct infiltration of 

precipitation at off-site locations and by the seepage of groundvater 

from the fill at on-site locations, wells FIL0i02-02, -03, -04, -06, 

-08, -09, -11, and -12 monitor groundvater conditions in the upper till. 

Lover Vater-Bearing Zone. The dolomite bedrock aquifer belcv the 

till forms the lover vater-bearing zone. Groundvater in this zone 

occurs in fractures, vugs, bedding planes, and veathered zones vithin 

the top 20 feet of bedrock. Confined or leaky confined conditions exist 

in this zone as a result of the massive, relatively lov-permeability, 

unveathered till zone above. Recharge to the bedrock probably occurs on 

a regional basis at a location distcuit from the site in areas vhere the 

dolomit; crops out or the glacial drift material is thin. Because this 

aquifer vas used extensively for drinking and industrial purposes in the 

past, si^page along improperly abandoned veil casings may also sopply a 

limited amount of recharge. Seepage may occur into the tvo abandoned 

bedrock veils on-site, only one of vhich has been located (see Section 

3.9). ' 

4.1.4.2 Groundvater Flov 

Reitults. Vater levels vere recorded in all FIT and previously 

install<Kl monitoring veils to aid in the determination of groundvater 

flov chiiracteristics in the vicinity of the U.S. Scrap site. Vater 

levels in the shallov monitoring veils vere used to determine ground

vater flov directions in the upper vater-bearing unit, vhich includes 

fill material and the upper 10 to 30 feet of the Vadsvorth till. Vater 

levels from the deep veils vere used to determine groundvater flow 

directic'us in the lover vater-bearing unit vithin the top 20 feet of 

bedrock. Results of measurements made in November 1987 and January, 

April, c.nd May 1988 are summarized in Table 4-2. (Figure 4-13 

illustrctes the vater table based on recorded vater levels in tbs 

shallow veils, and Figure 4-15 presents the potentiometric surface based 

on docuiented vater levels from the bedrock veils.) The May 1983 values 

vere used for map construction because questions had arisen about values 
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obtain«id from November 1987 measurements. The question about the 

November 1987 measurements concerned the elapsed time betveen the last 

veil di.sturbance (i.e., veil purging) auid sampling activities. The May 

1988 miiasurements are believed to be the most representative of ground

vater conditions at the site. 

Upper Vater-Bearing Unit. Results from vater level measurements 

indicate that groundvater flov through the fill material and the 

Vadsvoith till is radial from the U.S. Scrap site. Flov through the 

lov-peimeability till is controlled by fractures, silty zones, and 

structural features (soil ped surfaces) in the upper, veathered 30 feet. 

As can be seen from the vater table map (Figure 4-13), a groundvater 

high exists at the site vhich controls flov directions in the immediate 

vicinity. The mounding of groundvater is believed to be the result of 

precipitation, run-off, and drainage-derived vater becoming trapped in 

the fill material at the site. The lov-permeability till belov the fill 

allovs hydraulic heads to build up the highs observed on-site. The 

clay-constructed railroad embankment vest of the site also contributes 

to retention of groundvater vithin the fill. This groundvater high is 

slovly dissipated by infiltration int-o the fracture system of the till 

and by i^roundvater flov belov the railroad embankment. The latter is 

evidenced by numerous leachate seeps observed along the toe of the slope 

on the vest side of the embankment. 

Groundvater flov through the till eastvard discharges into the 

drainage ditch and lagoon and also into cui off-site 15-inch perforated 

pipe installed by MSD. Figure 4-13 illustrates the location of the 

artificial drainage system in relation to the site. Groundvater that 

enters this system is routed to the MSD vater treatment facility to the 

south. 

Groundvater flov through the till vestvard beyond the railroad em

bankment is altered by another MSD artificial drainage system. Figures 

4-14a and 4-14b illustrate the drainage system emplaced to collect 

potentially contaminated surface vater from the MSD drying beds. This 

system includes a perforated pipeline paralleling the gravel road at the 

base of the railroad embankment, vhich intercepts vesterly groundvater 
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flov from the southern half of the U.S. Scrap site. This line termi

nates at a drainage box vhere the vater is then diverted to a concrete 

drav-off box. Another 6-inch p=jrforated pipe netvork (Figure 4-13) is 

in place beneath the drying cells for the purpose of devatering belov 

the MSC drying operations. This netvork runs directly to the concrete -

drav-off box. The system also includes a 12-inch reinforced concrete 

pipe vhicJi runs from the south end of MSD Pond 1 to the drav-off box. 

The opposite end of this pipe is at an approximate elevation of 582.5 

feet vhere the pipe intercepts the south vail of the pond. Increases in 

pond vater elevation are diverted through this pipe to the drav-off box, 

setting the pond stage upper limit at approximately 582.5 feet. Inflov 

to the drav-off box from all sources is routed to the MSD vater treat

ment facility to the south. 

Th<> artificial groundvater and surface vater drainage system causes 

shallov groundvater to discharge along the base of the railroad embank

ment in':o the 6-inch perforated pipe, and may cause the shallov 

groundvater discharge into MSD Pond 1 to increase folloving periods of 

heavy rainfall. 

Natural groundvater flov in the vicinity of the MSD ponds is 

believed to be vestvard, vith some discharge into the ponds. The base 

elevations of the poods are at or belov the vater table elevations. 

Also, selenite crystals vere prevalent along the vails of MSD Pond 1. 

These aie both indications that the shallov groundvater and the ponds 

are hydiaulically connected by the fracture system observed in the till. 

Leachate seeps vere also common east of the ponds at the base of the 

railroad embankment. 

The groundvater lov associated vith veil FIL0102-09 is believed to 

be an aberration caused by a poorly recharging veil set into the 

veathered till. 

The shallov groundvater flov pattern shovn on Figure 4-12 exhibits 

a correlation to contaminant distribution. TCL compounds and TAL 

analytes vere detected in groundvater samples collected from FIT 

monitoring veils screened in the veathered till, supporting the radial 

flov pattern. See Section 4.2 for chemical results and discussion of 

groundvater samples. 
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Tie massive, unveathered lover portion of the clay till is believed 

to foru jin effective hydraulic barrier betveen the upper vater-bearing 

unit and the lover vater-bearing unit. This is supported by the unique 

flov patterns for each vater-bearing zone. 

Lover Vater-Bearing Unit. Results of vater level measurements 

indicate that groundvater flov in the bedrock aquifer is tovard the 

southvest. Figure 4-15 illustrates the potentiometric surface and 

groundvater flov direction. Flov through the dolomite bedrock is 

largely controlled by fractures, vugs, and veathered zones vithin the 

top 20 feet. Flov may also be related to bedding planes vhich dip south 

into the axis of an east-vest trending syncline (Figure 4-9). Flov does 

not app<>ar to be controlled by bedrock topography, vhich slopes north

east tovard the Hadley Valley. The Little Calumet River, located 

southvest of the site, is a discharge area for the bedrock aquifer vhich 

also ha:; an impact on groundvater flov direction. 

TC].. compounds and TAL analytes vere detected only in Round 1 

groundvater samples from deep FIT monitoring veils; TCL compounds de

tected, hovever, are considered to be common laboratory compounds. The 

near-abiience of contaminants in the bedrock veils also supports the 

lover Vciter-bearing unit's being confined by the unveathered till. See 

Section 4.2 for chemical results and discussion of groundvater samples 

screenec in the dolomite aquifer. 

One: on-site bedrock veil, G-105, contained relatively high con

centrations of TCL compounds and TAL analytes. The source of these 

contamirants is believed to be the abandoned veil located less than 100 

feet southeast of 6-105. Another on-site production veil could not be 

located during the FIT investigation, and therefore, the possible effect 

of this veil on the contamination of G-105 is unknovn. 

4.1.4.3 Hydraulic Gradients 

Results. The hydraulic gradient is defined as the change in head 

per unit of distance measured in the direction in vhich the maximum rate 

of decrease in head occurs. Hydraulic gradient is analogous to the 

slope of the vater table in an unconfined aquifer and to the slope of 

the potentiometric surface in a confined aquifer. The rate of ground-
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vater novement is dependent on hydraulic conductivity, effective 

porosity, and the hydraulic gradient. 

Hydraulic gradients of the upper vater-bearing unit and the lover 

water-bearing unit vere calculated from the water table map and 

potentiometric surface map, respectively. Gradients vere calcuraied 

betveen tvo equipotential lines for both units. Figure .4-12 shovs the 

profile along vhich the hydraulic gradient vas calculated for the upper 

water-bearing unit. This location vas selected because it best repre

sents groundvater flov off-site and also depicts the maximum gradient 

for off-site migration. The hydraulic gradient computed for the upper 

vater-bearing unit vas 0.105, vhich is the maucimum gradient. Figure 

4-15 illustrates the profile for vhich the hydraulic gradient vas 

calculated for the lover vater-bearing unit. The computed hydraulic 

gradient for this unit vas 0.024, vhich is assumed to be representative 

of the :3ite. 

Discussion. Based on vater table elevations of the upper vater-

bearing unit, a steep hydraulic gradient exists along the vestern border 

of the j!ite. Leachate seeps on the MSD property are located in areas 

vhere a steep hydraulic gradient prevails. The increase in leachate 

activity from fall 1987 to spring 1988 indicates that vater table 

conditi<»ns on-site fluctuate in response to precipitation. During 

periods of high precipitation, the vater table is higher, forming a 

steeper hydraulic gradient so there vill be an increase of flov off-site 

during these periods. Steep gradients vere also observed vhere ground

vater flovs into the perforated pipe that parallels a portion of the 

vestern perimeter of the site. The hydraulic gradients at the U.S. 

Scrap site are lov to moderate. 

4.1.4.4 Hydraulic Conductivities 

Results. Hydraulic conductivity values for the upper vater-bearing 

unit and the lover vater-bearing unit were determined by performing a 

rising head slug test for FIT monitoring veil FIL0102-01 and falling 

head slug tests for monitoring wells FIL0102-03, -06, -07, -09, -10, 

and -12. 
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Fcr unconfined conditions in veils FIL0102-03, -06, -09, and -12, 

the Hvcrslev (1951) method vas used. This method is designed for un

confined conditions in a small-diameter veil vhere the length of the 

well screen is small relative to the total veil depth. These conditions 

are satisfied for the veils in the upper till vater-bearing'unit"vhere '" 

well diameters are 2 inches and the length of the veil screen is less 

thjui one-half the total veil depth. The Hvorslev method is used to 

compute the horizontal hydraulic conductivity of the water-bearing 

material adjacent to the veil screen. Computed values ranged from 3.195 

x 10" to 4.793 X 10" feet per second. Results from the slug tests 

are summarized in Table 4-3. 

For confined conditions in FIT monitoring veils FIL0102-01, -07, 

and -10, the slug test data vere analyzed using a technique described by 

Cooper i t al. (1967). This technique vas used to calculate the hori

zontal hydraulic conductivity of the lover dolomite vater-bearing unit. 

Computed values ranged from 1.306 x 10" to 1.278 x 10" feet per 

second. Table 4-3 summarizes the results of these computations. 

Discussion. The hydraulic conductivity values calculated for FIT 

monitoriLUg veils FIL0102-03 and -06 are believed to be representative of 

the veanhered clay till. Values of 3f.l95 x 10" and 8.474 x 10" feet 

per second for these tvo veils fall into the range of average values for 

glacial till (Freeze and Cherry 1979). Hydraulic conductivity values 

for claj'-rich till vould generally be expected to be lover than those 

calculated; hovever, the fractures in the till at the U.S. Scrap site 

impart zn enhanced capability for groundvater flov. The hydraulic 

conductivity of fractured clay till is commonly betveen 1 and 3 orders 

of magnitude larger than values of intergranular hydraulic conductivity. 

In practice, the lov conductivity of the unveathered till is reflected 

in the slov recharge of the veils after pumping. 

The hydraulic conductivity values obtained for FIT monitoring veils 

FILO1O2-09 and -12 are not believed to be representative of the 

W€;ai:hered clay till because water levels were below the top of the sand 

pack at the beginning of the slug tests. Vhen this situation occurs, 

watcir displaced by the slug will enter the sand pack rather than the 

clay till. This results in data yielding values which approach those of 
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Tabl* 4-3 

ETDRAOLIC CONDOCrro^ITT TEST RESULTS 

Wel l Date Scce«ned U n i t T e s t Used 

H y d r a u l i c 

Conduc - ; i v i t y 

( f t / s e c ) 

F IL0102-01 

f1LO1O2-03 

F1L0102-06 

f ILO102-07 

FILO1O2-09* 

I I L 0 1 0 2 - 1 0 

r i L 0 1 0 2 - 1 2 * 

11 -17-87 

01 -07 -88 

0 1 - 0 7 - 8 8 

11 -18 -88 

0 1 - 0 7 - 8 8 

0 1 - 0 7 - 8 8 

l l - n - 8 8 

d i l o m i t e b e d r o c k 

c l ay t i l l 

c l a y t i l l 

- d r l o a i t e b e d r o c k 

c t a y t i l l 

^ l o a i t e b e d r o c k 

c l a y t i l l 

r i s i n g head 

f a l l i n a bead 

f a l l i n g bead 

f a l l i n g bead 

f a l l i n g itead 

f a l l i n g bead 

f a l l i B 9 head 

301 X 10 

.195 X 10 

.474 X 10 

.278 X 10~^ 

.491 X 10-6 

.-6 .796 X 10 

.793 X 10 -6 

" Water Icve!. was below top of well pack at start of slu^ test. 

!;ourc:e: Ecology and CnvironBent, Inc. IMQ. 
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the sand pack. The values calculated for FIL0102-09 and -12 are one-

half to one order of magnitude higher than those of FIL0102-03 and -06. 

Hj'draulic conductivity values calculated for the dolomite bedrock 

are average values for limestone and dolomite units (Freeze and Cherry 

1979). Values calculated for monitoring veil FILU1U2-0/ are at"the high 

end of the hydraulic conductivity range for dolomite, which may be an 

indication that the well was completed in a more highly fractured zone. 

Again, the low hydraulic conductivities were observed through the 

delayed recharge of the veils after purging. 

4.1.4.5 Groundvater Velocities 

Results. Groundvater velocities vere calculated to evaluate the 

rate of contaminant transport by groundvater movement in the upper till 

vater-bearing unit as it moves from source areas on-site. Velocity for 

the lover dolomite vater-bearing unit vas not calculated due to the 

difficulty in determining an accurate porosity value for the fractured 

rock. 

GrDundvater velocity, V, of the saturated clay till vas calculated 

according to Darcy's equation. 

V - K '^ X 1 

vhere: K = hydraulic conductivity, 

-Tj = horizontal hydraulic gradient, euid 

IIE = effective porosity. 

Th(! equation assumes saturated conditions and laminar flov. 

Thi! average conductivity value (K) for the saturated clay till vas 

5.83 X 10" ft/sec. Table 4-3 summarizes the hydraulic conductivities. 

The max:i mum horizontal gradient for the clay till (dh/dl) is 0.105. 

This is a maximum value and is not representative of the entire site. 

The efftictive porosity (NE) is also knovn as the specific yield in 

unconfiried conditions (Johnson 1967), vhich is a measure of the void 

space within the clay till that vill yield vater to the monitoring 

wells. For a clayey silt, such as the veathered till at the U.S. Scrap 

site, sfecific yield is 0.05 (Johnson 1967). Incorporating these values 
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into Darcy's equation yields a groundvater velocity of 38.6 feet per 

year ir the vest-northvest direction tovard the MSD ponds. 

Discussion. The groundvater velocity calculated for the saturated 

clay till indicates the rate of contaminant migration from the site. 

The maximum groundvater velocity is 38.6 feet per year in the direction 

of the MSD ponds only. Flov velocities in all other directions can be 

expected to be lover. Other factors, hovever, that may affect the rate 

of contaminant plume migration have not been taken into account. These 

factors include adsorption, partitioning, ion exchange vith aquifer 

solids, chemical and biological transformations, matrix diffusion in 

fractuie permeability systems, and density differences betveen solute 

and grcundvater. These interactions result in the distribution of 

contaminants bietve^n the aqueous phase and the aquifer solids, a re

duction of the contaminant quantity relative to groundvater flov (Mackay 

et al. 1985). Adsorption plays a particularly important role in the 

restriction of PCB-conteuiinated groundvater plumes. 

In addition, vadose zone travel times and interactions vith 

heterogeneous soil and fill materials, each vith its ovn hydraulic 

conductivity, may greatly affect the distance and rate in vhich con

taminants migrate from a given source area. The installation of the 

6-inch perforated pipe and the presence of the vetland ponds have 

contributed to an increase in flov velocity vest of the site, as have 

the on-site drainage ditch and lagoon, and 15-inch perforated pipe east 

of the site. 

4.1.5 Surface Vater Hydrology 

The U.S. Scrap site is located vithin the greater Calumet area 

watershed, approximately 0.25 mile outside of the Lake Calumet Vatershed 

(Figure 4-16). The Calumet area is flat and poorly drained. The 

primarj outlets for vater from the Calumet area are the Calumet, Grand 

Calumet, and Little Calumet rivers in Illinois, and the Indiana Ship 

Canal snd Burns Ditch in Indiana. Surface drainage flovs either into 

Lake Michigan through the Calumet River, the Indiana Ship Canal, or 

Burns Ditch, or into the Illinois River Vatervay through the Calumet-Sag 

Channel. The stream flov pattern in the Lake Calumet area is controlled 
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by several factors vhich include the level of Lake Michigan, storm 

runoff in the drainage basin, and the O'Brien Lock and Dair on the 

Calumet River (refer to Figure 4-16). The flov direction in the O'Brien 

Lock and Dam is from Lake Michigan tovard Lake Calumet vhen the gates at 

the lock and dam are open for navigation. During conditions of storm 

runoff auid at all other times, flovs are tovard Lake Michigan (IDENR 

1988). 

Lake Calumet is partially isolated from the main vater flov of the 

system and tends to be more affected by local conditions, storm 

drainage, and seepage vater. Figure 4-16 illustrates the drainage 

boundar/ for I^ke Calumet. Some portions of Lake Calumet have been 

filled in vith landfill material, and some have been improved for 

navigation. The east shore of the lake is currently lined vith vaste 

disposal facilities, and the vest shore is bordered by the Calumet 

Expressway (Interstate Route 94) and Pullman Ditch. 

Th'3 U.S. Scrap site is situated betveen Lake Calumet and the Little 

Calumet River. Because the site is located outside the drainage area 

for Lak; Calumet and the intervening land surface is flat, surface 

runoff from the site is not expected to affect the l a k e . Site surface 

runoff drains into the on-site lagoon and drainage ditch vhich extends 

along tlie eastern border of the site. Hovever, stained soils east of 

the diti± on HSD property are an indication of possible off-site 

migration of surface runoff as a result of overflov from the^'oTtcB" and 

lagoon. 
/ 

Thi! Little Calumet River is located approximately 3/4 miles 

southvest of the site. The site is separated from the river by the 

clay-constructed C & VI Railroad right-of-vay, vhich is a topographic 

high poi.nt in the area. Leachate seeps observed along the vest side of 

the C & VI Railroad embsmkment on MSD property may affect the ponds 

vithin i:he MSD vetland area. Hovever, these ponds are closed vith no 

interconnection vith other surface vater bodies. 

4.1.6 /ibandoned Veil Investigation 

Results. A reviev of veil logs for the tvo abandoned production 

veils al: the U.S. Scrap site indicated that one veil vas completed in 

the Eminence-Potosi dolomite at 1,296 feet and the other veil vas 
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completed in the Ironton-Galesville sandstone at 1,656 feet. These veil 

logs can be found in Appendix H. It could not be determined vhich veil 

log represents the veil that has been located since both veils vere 

installed shortly before the turn of the century. No veil construction 

data are available for either veil; hovever, area veils installed by" the 

same conpany during the same time period vere constructed vith only a 

6-anch surface casing through the Pleistocene deposits vith an open hole 

through the bedrock units. It is probably fair to speculate that the 

abandoned production veil is similarly constructed. Survey results 

indicated a USGS elevation of 592.73 feet for the top of the casing and 

591.23 Eeet for the vater level in the veil. 

No veil abandonment details are available, and no notification of 

abandonioent vas filed vith the State of Illinois. Hovever, the veil vas 

found to be plugged at a 45-foot depth, and density probing vith a 

3/4-incli PVC pipe resulted in a penetration of only 0.5 to 0.8 foot. 

The remnant material on the probe vas a fine-grained gray mud. This 

suggests that the material at the 45-foot level has formed a fairly 

dense pi.ug. The bail test conducted on July 28, 1987, yielded suffi-
-8 

cient njsults to estimate the hydraulic conductivity as K = 1.5 x 10 

feet per second. ' 

Reiiults of sediment and vater samples collected from the abandoned 

veil vill be discussed in conjunction vith the subsurface soil and 

groundvater ssunple results, in Sections 4.2.2.3 and 4.2.4, respectively. 

Dii:cussion. It is unknovn vhether or not vaste disposal has 

occurred in the abandoned production veil. It is highly possible that 

vaste VcS deposited directly into the veil. No record of the composi

tion of the plug at the 45-foot depth or its integrity exists. It is 

probable that the veil casing is alloving invasion of vater from the 

till anc that this contaminated infiltration is evidenced in the bail 

test results. The plug appears to be adequately sealing off the lover 

portion of the veil. If the integrity of the plug had been breached, 

the vater level in the veil vould be lover. The sediment above the plug 

is most likely surface soil that has entered the veil via surface 

runoff. 
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4.2 CHEMICAL RESULTS AND DISCUSSION 

Chemical investigations at the U.S. Scrap site consisted of s o i l 

gas surveys; and surface soil, subsurface soil, sediment, surface /ater, 

groundvater, and test pit excavation sampling and analyses. 

4.2.1 Soil Gas Surveys 

Results. Table 4-4 provides the results of soil gas surveys con

ducted at the U.S. Scrap site, and Figures 4-17 and 4-18 present the 

di.stribution and concentrations of contaminants detected by the surveys. 

Volatile organic compounds (VOCs) vere detected at 17 locations during 

the soil gas surveys conducted on June 15, 16, and 17, 1987, and August 

4, 1987. Concentrations ranged from 3 mg/L to greater than 1,000 mg/L 

methane equivalents using the flame ionization method. Hydrogen cyanide 

vas detected at tvo locations during the surveys. Concentrations 

ranged from 15 mg/L to greater than 200 mg/L. Soil gas samples col

lected in Tedlar bags on June 23, 1987, and analyzed by gas chromatog

raphy c}ntained benzene, toluene, xylenes, and other volatile compounds. 

Bydroge:i cyanide vas also detected at this time at locations SG22 and 

SG25. These locations are the same as SG02 and SG12, respectively, 

vhere hydrogen cyanide had previously been detected on June 15 and 16, 

1987. 

So:ll gas surveys conducted along property boundaries on August 4, 

1987, d:id not detect volatile contamination of the vadose zone. 

Diiscussion. The objective of the soil gas surveys vas to determine 

areas ol: potentially high volatile contamination prior to soil sampling, 

drillinj; at locations outside the perimeter fence, and the mobilization 

of the J:ield office and associated support activities in the northern 

one-quarter of the site. It vas anticipated that volatile compounds 

vere present in the vadose zone. These compounds vere either generated 

during ihe subsurface fire in 1985 or from previous disposal activities. 

It was important to assess the soil gas levels because some of the 

proposed investigation activities had the potential of disrupting and 

releasirg to the surface accumulations of volatile contaminants. 

The: results of the soil gas surveys conducted on June 15, 16, 17, 

and 23, 1987, indicated the presence of volatile contamination of the 
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Table i - 4 

FESULTS OF SOIL GAS SUTVETS-

S.iMple L o c « t i ( ? n r a t e o f S u r v e v 

T c t a l O r c « . i j . c C a p e r * * 

( • 9 / ^ 1 

Hy<ifo<j*r» O . ' a n i d o 

( • g / L ) 

SGOl 

SG02 

r,G0 3 

SG0 4 

SG05 

SG06 

SG07 

SCO 8 

.^G09 

SGIO 

S G l l 

SG12 

SGI 3 

SG14 

SG15 

SG16 

SG17 

SG18 

SG19 

SG20 

S G 2 1 

SG22 

SG2 3 

SG2 4 

SG25 

SG26 

SG27 

SG28 

SG29 

SG30 

S G 3 1 

SG3 2 

SGI. 3 

.SG: ;4 

SG:. 5 

6 - 1 5 . 1 ^ - 8 7 

6 - 1 5 , l ' ! - 8 7 

6 - 1 5 - t 7 

6 - 1 5 - 6 7 

6 - 1 5 - 8 7 

6 - 1 5 - 8 7 

6 - 1 5 - 8 7 

6 - 1 5 - 8 7 

6 - 1 5 , 1 6 - 8 7 

6 - 1 5 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 6 - 8 7 

6 - 1 7 - 8 7 

6 - 1 7 - 8 7 

6 - 1 7 - « 7 

6 - 2 3 - 8 7 

6 - 2 3 - 8 7 

6 - 2 3 - 8 7 

6 - 2 3 - 8 7 

6 - 2 3 - 8 7 

6 - 2 3 - 8 7 

8 - 0 4 - 8 7 

8 - 0 4 - 8 7 

8 - 0 4 - 8 7 

S - 0 4 - « 7 

8 - 0 4 - 8 7 

8 - 0 4 - 8 7 

8 - 0 4 - 8 7 

8 - 0 4 - 8 7 

2C0 

> 1 , C - Q 

: o 

3 . 8 

6 . 0 

20 

7 .8 

50 

> 1 . 0 C O 

20 

5 

> 1 . 0 0 0 

14 

>i,oao 

5 5 0 

3 

> 1 . 0 « 0 

> 1 . 0 0 0 

>i,oao 

> 1 . 0 0 0 

1 2 0 

8 

>20C 

15 

>49 

10 

* A l l v « l - . ; » ; r » ; ' : r " : e d « r « s e n i q u a . T t i t a t : v e . 

* • M«th ia r« t - ju i i « l*:^t s . 

Not d « - » r : « d 

S 3 u r c » : Z : - ' . o j Y t z t H n v i r t r j e n t . I r .c . 1 9 9 C . 
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SOURCE: Ecology and Envlronmant, Inc. 1990. 
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vadose zone in the northern portion of the site. The contamination was 

found \ithin the perimeter fence, at several locations outside the 

perimeter fence ncrth of the site, and near the site entrance. The 

sources of the cortamination include contaminated shallov groundvater 

and/or liquid vasie present beneath the northern portion of the site and 

adjacent areas. !ihe lateral nigration of volatile vapors driven off 

during the subsurface fire does not appear to be a potential source for 

the observed conteminants because vapors released during the fire would 

have dissipated stortly after the fire vas extinguished. 

The results presented in Table 4-5 indicate semiquantitative con

centrations of volatile organic compounds. These compounds vere 

detected in the field using the OVA, vhich vas calibrated to methane. 

Tn general, the OTA indicates a response for nearly all common hydro

carbons of betvees lOZ and 20QZ relative to methane. Table 4-6 provides 

results of OVA screening of several orgemic compounds that vere en

countered during the analysis. 

Th.; detection of hydrogen cyanide (HCN) at locations SG02/SG22 and 

SG12/SG:?5 may have resulted from the incompatible mixing of cyanic and 

acidic vastes. Tie Honitox hydrogen cyanide detector possesses cross-

sensitivity capability and detects hydrogen sulfide (H^S) in the 

presenc«> of 2 ml^L HCN, hydrogen chloride (HCl) in the presence of 20 

mL/L HCI?, and chlorine (Cl^) in the presence of 10 mL/L HCN. The 

detection of addinional gases due to cross-sensitivity is shovn as HCN 

in mL/L. 

4.2.2 Soil Samples 

Ancilytical results and discussions of composite and discrete 

surface soil, subsurface soil, excavation, and dioxin sampling are 

presenttid in the folloving sections. Analytical data sheets for all 

soil samples are provided in Appendix I. Preceding the laboratory data 

in Apperdix I are cross-reference lists, vhich correlate sample 

designations and ;ollec-ion d=tes vith laboratory identification and 

tracking information. Summaries of analytical results as veil as 

comparisons betvesn analyte concentrations in typical soil and soil 

samples collected at the U.S. Scrap site are presented in Tables 4-7 

through 4-15 in tie folloving sections. The analytical data have been 
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Table 4-5 

SOIL GAS SAMPLE RESULTS 

(JULY 1987) 

Standard H III VI VI 

• r*a aq/L ar«a i*9/I' araa lag/L araa mq/\. ar«a mq/1. area a^/L ar«a a9/L 

b«i>:E*n« 24.600 548 «,700 149 1.120 25 

tolaen« 8,300 459 — — 660 36 

ni-rrl«n« 8,500 397 , — — 1,700 79 

o-rrl«n« 530 398 — — — — 

1 8 , 6 0 0 414 — — — — 

2 8 , 6 0 0 1 ,582 2 , 0 0 0 111 — — 

1 4 . 5 0 0 677 1,700 83 990 46 

2 , 8 0 0 2 , 1 0 3 220 165 120 90 

T o t n l n u s b « r 

of ]>«aks 13 20 19 20 17 15 

— Hot dat«<:t*d 

SoDjrc«: Ecology and Cnvlronaant, Inc. 1990. 
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Tabl« 4-6 

RE5?ONSE CT THE OVA TO SEVERAL COMMON ORGANIC COMPOUNDS 

C3i«pc-J3d 

R e l a t i v e Response 

CH, = IOC 
4 

Ev d r o c j i r t o n s 

n s t h a * « 

p r o p a n e 

n - b u t « J 3 « 

n - p a n t a n e 

• r h y l e a e 

« ' : e t y l « n « 

b ' lnze^e 

t ' J l u e s e 

e':haDe 

100 ( r e ' e r e n c e 

64 

61 

100 

85 

200 

150 

120 

90 

Ketones 

a<:«tca« 

•Kttfayl e t h y l k e t o n e 

i x i t h y l i s o b o r r l k e t o n e 

60 

80 

100 

A l c o h o l s 

Motfa}-! a l c o b c l 

•Uhy l a l c o h o l 

i i i o p r o p y l a l c s h e l 

IS 

25 

65 

MalogeB Cowpocsda 

<;iirl>c-3 t e t r a c h l o r i d e 

c l i l c n f o r« 

V. i i c t i o r o e t t j i e n e 

" : .nvl c h l o r i t e 

10 

65 

70 

35 

SiMirc*: Ccol«<fy aad E n v i r o n B o n t . I n c . 1 9 9 0 . 
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subjected to laboratory quality control reviev by the analyzing U.S. EPA 

Contract Laboratory Program (CLP) laboratories, and the appropriate 

qualifiers accompany the summaries. Definitions and interpretations of 

data qualifiers accompany each summary table. 

Concentrations presented aiid discuissed̂ ih Yhe~folloving" "sections 

may contain estimated values. 

4.2.2.:. Composite Surface Soil Samples 

Rtisults: 

VOCs. Volatile organic compounds vere detected in 23 of the 27 

composite surface soil samples submitted for TCL compound analysis. 

Results of the chemical analysis of composite soil samples are provided 

in Table 4-7. The distribution of VOCs is illustrated in Figure 4-19. 

A total of 14 compounds vere detected including compounds considered to 

be laboratory artifacts. Sample CS26 contained the greatest number of 

compounds, vhich vas 9, vith concentrations ranging from 16 pg/kg for 

both 1,1-dichloroethane and trans-l,2-dichloroethene to 150 yg/kg of 

trichloroethene. Toluene, chloroform, and tetrachloroethene vere the 

most frequently detected VOCs in the composite soil samples, although 

toluene may have been introduced as a laboratory contaminant. Toluene 

vas detected in 8 samples in concentrations ranging from 1.6 yg/kg in 

CS08 to 19 wg/kg in CS26. Chloroform vas detected in 5 samples in 

concentrations ranging from 1.0 yg/kg in CS08 to 3.8 yg/kg in CS09. 

Tetrachloroethene was detected in 5 samples with concentrations ranging 

from 5.Z yg/kg in CS19 and CS27 to 110 yg/kg in CS26. The highest VOC 

concentration vas acetone at 210 yg/kg detected in CS25. Sample CS26 

contain<;d the highest total VOC concentration at 432 yg/kg. 

Seittivolatiles. Table 4-7 also summarizes the semivolatile 

compounds detected in composite surface soil sanples. Figure 4-19 

depicts selective distribution of total semivolatile compounds detected. 

Twenty-nine semirolatile organic coapounds vere detected during the TCL 

analysis of compyosite surface soils. Semivolatile constituents included 

16 polynuclear aromatic hydrocarbons (PAHs), 5 phenols, 5 phthalates, 2 

aromatic- hydrocarbons, and 1 hydrocarbon. Tventy-six of the 27 com

posite surface soil samples contained semivolatile compounds. Sample 

4-50 



T a b l e 4 - 7 
RES^njS OF CH£?CICAL AJIALTSIS Cf 

rTT-rDtXECTET COMPOS ITE SOIL SA.*!?LES 

5;aii^le C o l l e c t i o n I n f o n n a t i o n 
and P a r a m e t « c s ' 

S a n p l e Nunfoer 
_CS03 CSC.? cso? cso<; 

I3«t» 7 / 7 / 6 " 
Tiii>» -155 
CLP O r c a n i c T r a f f i c R e p o r t N m c e r E : » 4 1 T 
CLP I n o r g a n i c T r a f f i c R e p o r t Jlanber .MI3094 

(roryourLd D e t e c t e d 
I va lue ; - i n ^rc/kg) 

V o l a t i l e O r o a n i c s 
n e t h y l e n e c h l o r i d e — 
a c e t o n e — 
l . l - d i c h l o r o e t h a n e — 
l , 2 - d i c h l o r o « t h o n e ( t o t a l ) — 
c h l o r o f o r m — 
1 , 1 , 1 - t r i c h l e r o e t h a n e — 
t r i c h l o r o e t h e n e — 
1 , 1 . 2 - t r i c h l o r o e t h a n e — 
2 - h e K a n o n e — 
t e t r a c h l o r o e t h e n e — 
t o l u e n e — 
c h l o r o b e n z e n e — 
x y l e n e s ( t o t a l ) — 

T o t a l V o l a t i l e O r g a n i c s — 

7, T, 8 7 
1105 

E M 2 0 
."23095 

7 / 7 / 8 7 
1130 

ES421 
.-E?196 

7 / 7 / 8 7 
1040 

EN422 
MEP097 

S / 1 2 / 8 7 
930 

ET584 
.•SUOSf 

8 / 1 2 / 8 7 
945 

rrss!) 
MEU087 

26 BJ 
32 BJ 

36 BJ 
84 BJ 

58 120 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
V o l a t i l e O r g a n i c s 44 62 12 

Seaivolatile Organics 
phenol 

4-«atfaylph«ne1 
isophorone 
benzoic acid 
2,4-dichlorofhenol 
naphthalene 
2-«ethylnaphtIialene 
2,4,6-trichlcrophenol 
acenaphthylene 

acenaphthene 
dibenzofuran 
diethylphthalat* 

fluorene 
p e n t a c h l o r o p t e n o l 
p h e n a n t J i r e n e 
a n t h r a c e n e 
d i - n - K i t y l p h t h a l a t e 
f l u o r a n t h e n e 
(A'cene 
' o u t y l b t m i y l p t t h a l a t e 
b e n z o ( n ) a n t h t a c e n e 
b i s ( 2 - i ? t h y l ) M x y l ) p h t h a l a t e 
c h r ^ ' s e n e 
•di-r—o<:tylpht h a l a t e 
b e n z o l b i k ) f : u - o r a n t h e n « 
C>enzof Ji )p^Ti?r e 
i n d » n o 1 , 2 , :?--cd)p\Tene 
d i b t n z i M a ,h K n t h r a c e n e 
ber.zol rj^h . i »f -ery lene 

— 

— 

z 
— 

— 
— 
— 
— 

U . O K J 

— 
— 

2a,ooc J 
23,00C 

— 
« , 3 0 t J 

— 
— 

-
— 
— 
— 
— 

— 

— 

— 

2 , 4 0 0 J 

— 
— 
— 
— 

2 2 . 0 0 0 
3 . 7 0 0 J 

— 
3 7 . 0 0 0 
6 4 . 0 0 0 

— 
1 4 . 0 0 0 J 

— 
— 

k 

— 
— 
— 
--

— 

— 

— 

— 

— 
— 
— 
— 

6 . 7 0 0 J 

— 
— 

1 3 , 0 0 0 J 
1 8 , 0 0 0 J 

— 
« , 7 0 0 S 

— 
— 

^ 

— 
— 
— 
— 

— 

— 

z 
— 

— 
— 
— 
— 

1 1 . 0 0 0 

— 
— 
— 

2 3 , 0 0 0 

— 
1 3 , 0 0 0 

5 , 0 0 0 
1 4 , 0 0 0 

J 

J 
J 
J 

Zb 
1 8 , 0 0 0 

— 
— 
— 

J 

1 

— 

— 

330 
430 

190 
65 

180 
200 

72 

, 1 0 0 

J 

J 
J 
J 
J B 
J 

210 J 
36 

, 4 0 0 
,700 

— 
, 200 

140 
,60C 

,eoc 
IOC 
5<C 
33C 
58 C 

J 

BJ 

J 

1 

640 
38 J 

710 

94 J 
420 
620 

120 J 
64 J 
98 J 

220 JB 
130 J 

60 J 
, 0 0 0 

250 J 
220 J 

, 0 0 0 
, 9 0 0 

240 J 
790 

, 6 0 0 BJ 
, 100 

160 J 
,500 
,300 
890 
300 J 
900 

T o t a l :;eaiivo] a t i l e O r g a n i c s 1 5 7 . c : - : l - i . l O C 44.400 1 3 9 . 0 0 0 1 4 , 2 2 3 1 8 , 3 6 4 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
S e a i v o l a t i l e O r g a n i c s 1 1 5 , 0 c : ,000 5 6 , 0 0 0 1 4 , 8 6 0 29,770 
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T a b l e 4 - 7 ( C o i i t . ) 

Sample C o l l e n i o n I n f o r a a t i o n 
and P a r a m e t e r - : CSO 7 CS08 

Sanple Niuaber 
CS09 CSIO C S l l CS12 

C«te 8 / 1 2 / 8 7 
Time 1000 
CLP O r g i n i c T r a f f i c R e p c r t Nuiti>er r r 5 8 6 
CLP I n o r g a n i c T r a f f i c F » p o r t NuJiber MEU088 

8/12/87 
1055 

ETfST 
MEU089 

8/12/87 
1105 

ET588 
MEU090 

8/12/8 7 
1115 

ET589 
MEU091 

! Ti/ei 
1325 

iT590 

rru092 

^~ i s / i r / a T — - ' 
1335 

ET591 
MEUOgS 

Coinp<>ind De t e - r t ed 
( v a l u e s i n p g / k c l 

V o l a t i l e O r g a j i i c s 
i r e t h y l e n e c h l o r i d e 
acetone 
1 , 1 - d i c h l o r o e Jwane 
1 , 2 , - d i c h l o r o - i t h e n e ( t o t a l ) 
c h l o r o f o n a 
1 , 1 , 1 - t r i c h l o r o e t h a n e 
t r i c h l o r o e t h e i M 
1 , 1 , 2 - t r i c h l o r o e t h a n e 
2 - h e x a n o n « 
t e t r a c h l o r o e t i e n e 
t o l t i e o e 
c h l o r o f c e n e e n e 
x y l e n e s ( t o t a l ) 

T o t a l V o l a t i l - ? O r g a n i c s 

T o t a l T e n t a t i : « l y I d e n M f i o d 
V o l a t i l e O r g a i i c s 

S e » d v o l a t i l e i > r g a o i c s 
p h e n o l 
4 - laet l iy I p h e n o L 
i s o p h o t o n * 
l i e n x o i c a c i d 
I , 4 - d i c h l o r o p i > e n o l 
n a p h t h a l e n * 
2 - a t e t f a y l n a p h t ' t a l e n e 
2 , 4 , 6 - t r i c h l o r o p h e n o l 
a c e n a p h t h y l e o t 
a c e n a p h t h e n e 
d i b e n z o f u r a n 
d i e t t a y l p h t h a l i t e 
f l u o r e n e 
p e n t a c f a l o r o p b i o o l 
I > h a n a n t h r « n e 
a n t h r a c e n e 
d i - o - b u t y l p h t k a l a t « 
f l u o r a n t h o n e . , 
f iyreoe 
t m t y I b e n z y I p h cha 1 a t e 
t>enzo( a ) a n t h r i c e n e 
b i s ( 2 - « t h y l h e [ 7 l ) p h t h a l a t e 
c h r \ - s e n e 
<li-n-o< t y l p h t i i a l a t o 
l>enzo(b&k ) f l u o r a n t h e n e 
l>enzc(« Jpy r«n f 
indervoi 1 , 2 , 3 - c d ) p y r e n « 
diber.ztj (a , h )* - . ^h racen« 
benz^fcj , h , i | - « r ; , ' l e n e 

T o t a l S e m i v o l a t i l e O r c a n i c s 

52 BJ 
16 BJ 

25 BJ 
59 BJ 

20 BJ 
17 BJ 

24 BJ 
28 BJ 

16 BJ 
13 BJ 

16 BJ 
11 BJ 

1.7 J 

69 .7 

740 

1 .000 

620 
760 

320 J 
340 J 
330 J 
280 J 
540 

79 J 

4 . 2 0 0 
1 .000 

280 J 
4 . 0 0 0 
7 , 1 0 0 

290 J 
3 , 6 0 0 
3.000 D 
4 , 1 0 0 

740 
4,700 D 
3.300 
1.500 

730 
1 .600 

4 5 . 1 4 9 

1.0 J 

1.6 J 

8 6 . 6 

220 J 

320 J 
1 , 300 J 

610 
1 .000 

210 J 
140 J 
260 J 
120 J B 
180 J 

1 .700 
310 J 
200 J 

l . M O 
2 , 6 0 0 

88 J 
1 .300 
1 .100 BJ 
1 ,900 

380 
3 ,500 
i , 4 c : ; 

8:c 
s c : 

i,o<:? 

2 6 , 8 5 -

3 . 8 J 

40.8 

590 

740 

42 J 
350 J 
460 

42 J 
130 J 
150 J 
120 J 

200 J 
42 J 

. 2 0 0 
520 
190 J 

, 5 0 0 
, 4 0 0 
160 J 

, 1 0 0 
, 5 0 0 B 
,300 

130 J 
4 . 1 0 0 
1 .800 

820 
440 
8 3 0 

• • 6 . 8 5 6 

52 29 27 

270 
— 
120 
— 
— 
640 

1.300 

180 
210 
250 
180 
220 

1.600 
300 
ISO 

1.500 
3,100 

— 
1,500 
2,300 
1,900 
430 

3.800 
i.eoo 
920 
410 

l.COO 

J 

J 

J 
J 
J 
JB 
3 

J 
J 

JB 

260 
73 
470 

1.100 
230 
500 
750 

200 
210 
190 
220 
240 

1,800 
390 
310 

l.SOO 
3,400 

— 
1,300 

3,100 
1,800 
610 

3,200 
1.400 
1,200 

500 
1,300 

J 
J 

3 
3 

3 
3 
3 
JB 
J 

3 

JB 

280 J 
68 J 
220 J 
700 J 

— 
610 

1,200 

210 J 
400 
290 J 
150 J 

420 

3,200 
840 
250 J 

3.000 
6,100 

150 J 
3,000 
4,000 

3.400 
620 

6.600 
3,000 
1,600 

780 
1.800 

2 3 , 9 1 0 2 6 , 2 5 3 42.88 

T o t a l T e n t a t i r e l y I d c c c i f i o d 
. S e m i v o l a t i l e O r g a n i c s 94.400 4 7 . 3 5 0 2 6 , 6 0 0 1 9 , 3 2 0 3 2 , 1 3 0 24,890 
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T a b l e 4 - 7 ( C o r t . ) 

Sample C o l l e c t i o n I n f o n a a t i o n 
ind raraTi>»ter; CS13 CS14 

Sanple Number 
CS15 CS16 CS17 CS18 

Date 8 / 1 2 / 8 7 
Time 1345 
rLP C)rg.inic T i a f f i c R e p o r t Number ET592 
ZLP I n o r g a n i c T r a f f i c R e p o r t Niuaber Mru094 

Compound T-etec t e d 
( v a l u e s i n ^^,Ttg ) 

V o l a t i l e O r g a f i i c s 
m e t h y l e n e c h l c . r i d e 
i c e t o n e 
1 , 1 - d i c h l o r o e t h a n e 
l , 2 - d i c h l o r o « t h e n e ( t o t a l ) 
r h l o r o f o r a 
1 , 1 , 1 - t r i c h l o i o e t h a n e 
t r i c h l o r o e t h e i i e 
1 , 1 , 2 - t T i c h l o r o e t h a n e 
2-he>;anooe 
t e t r a c h l o r o e t l i e n e 
t o l u e n e 
rhlorobenxene 
rylenes (tota}) 

8/12/87 

1430 
ET593 

MEU095 

8/12/87 

1440 

ET594 

KEU096 

8/12/8 7 

i.;50 
ET595 

MEl.'C97 

J-18/87" 

1005 
PJ491 

ME3647 

8/18/1 /• 

lors 
EJ4e2 

KEU7:i 

10 BJ 
15 BJ 

30 BJ 
30 BJ 

55 BJ 
18 BJ 

26 BJ 
36 BJ 

2.6 J 

7.4 

1.5 J 

4.3 J 1.8 J 

20 B 18 B 

4-4 J 

7.8 
3.4 J 

Total Volatile' Organics 

Total Tentatively Identified 

Volatile Organics 

Semivolatile Organics 
phenol 
4-a ie thy Ipbeno : . 
i so{4 io rooe 
benzoic acid 

2 , 4 - d i c h l o r o p l i e n o l 
napht j ia lecte 
2 -met J iy l i>aph t ] i a l ene 
2 , 4 , 6 - t r i c h l o r o p h e n o l 
a c e n a p h t b y l e n o 
a c e n a p h t h e n e 
dibenzofnran 
diethylphthalat* 
fluoretk* 
F«ntacfa loroph<ino l 
p h e n a n t h r e n * 
a n t h r a c a i M 
d i i - A - t i u t y l p h U i a l a t e 
fluoranthene ""-
pyren* 
b u t y l b e n z y l p h ' i h a l a t e 
l i enzo ( a ) a n t h r. i c e n e 
b i s ( 2 - r t l ) ^ r l h e c y l ) p h t h a l B t e 
chr^-sene 
c l i - n - o c t v l p h t i a l a t e 
l>enzo(bt>i) f l u o r a n t h e n e 
t>enzo(a J p ^ ' r e n , 
i n d e n o 1 1 , 2 , 3 - r d (p j ' r ene 
d ib*nz tMa h )a i t h r a c e n e 
b e n z o l K . h . i ) p » n , ' l e n e 

T o t a l S e m i v o l i t i l e O r o a n i c s 

T o t a l l e e t a t i v e l y I d e n t i f i e d 
! > m i v o l a t i l c O r g a n i c s 

25 70 7 8 . 8 6 3 . 8 

170 

— 
110 

530 
750 

420 
160 
240 
240 
200 

2.300 
SOO 
130 

3.400 
3,800 

2,300 
1.400 
2.800 
300 

5,600 
2,300 
1,200 

530 
1,500 

J 

J 

J 
J 
J 
J 

J 

J 

290 J 

80 J 
260 J 

1.200 
2,000 

350 J 
440 
350 J 

— 
580 

3,800 
740 
310 J 

3.100 
4,200 D 

2,700 
4,100 D 
2,900 
810 

5,600 
2,600 
1,400 
670 

1,700 

29,880 

3 0 , 8 5 0 

4 0 . 1 8 ' ) 

1 1 0 , 2 8 7 

1 

1 

1 

130 J 

50 J 
440 

540 
500 

130 J 
82 J 

110 J 
210 J 
100 J 

950 
190 J 
320 J 
750 
,400 
140 J 
760 
,900 
900 
520 
,700 
850 
490 
230 J 
650 

1 4 , 0 4 2 

2 3 , 1 7 0 

20 

5 0 . 4 

33 .6 

29.3 

63 
260 

860 
1.000 

160 
360 
410 
260 
330 

— 
2.900 
410 
130 

1.800 
3.200 

1.300 
1,000 
1.800 
280 

3.000 
1.400 
650 
320 
740 

2,633 

J 
J 

J 

J 
J 

J 

J 

J 

— 
—— 

z 
— 

— 
— 
— 
— 
— 
— 
— 

2.700 
3.000 

3,300 

— 
— 

2,700 

— 
— 
— 

3.200 

14,900 

5 9 . 3 8 6 1 8 , 7 0 0 1 1 4 . 3 0 0 
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T a b l e 4 -7 ( C t c t . ) 

Samt>le C o l l e i - r i o n I n f o r m a t i o n 
9nd rararTiet'.--. CS19 CS20 

Saaple Nun^r 
CS21 CS22 CS23 CS24 

Dat€. 8 / 1 8 / 8 7 
TiiM. 1040 
CLP O r - j a n i c - - r a f f i c 3 « c o r t »ia*yer EJ493 
CLP I n o r g a n i i T r a f f i c S e p o r t Jkjmber MEU722 

8 / 1 8 / 8 7 
1130 

EJ494 
MEU723 

8 / 1 8 / 8 7 
1140 

EL337 
.MEU724 

8 / 1 8 / 8 7 
1405 

EL338 

reu725 

8 / 1 8 / 8 T 
1415 

EH436 
MEU726 

« / . : / 6 7 -
H 3 0 

rS437 
MEr.'727 

Compc^jid Det-<-rted 
( v a l u e s i n ^i^Tcg 1 

V o l a t i l e O r o i g g c s 
m e t h y l e n e c^ 'v.oride 
a c e t o n e 
1 , 1 — d i c h l o r o « » ^ a n e 
l , 2 - ^ l i c h l o r - > t h e f > « ( r r t a l ) 
c h l o r o f o r m 
1 , 1 , l - t r i c h l t r f o e t f a a o w 
t r i c h l o r o e t b n e 
1 , 1 , 2 - t r i c h l i r c o e t h a n e 
2-)>exanone 
t e t r a c h l o r o e ' i e n e 
t o l u e n e 
c h l o r o b e n z e i y s 
x y l e n e s ( t o t i d ) 

17 B 

5 . 2 J 

27 B 

2 . 7 J 

3 . 5 J 
3 . 7 J 

33 B 

18 B 

27 B 

19 
5 . 6 J 

24 

25 B 

21 B 

16 B 

T o t a l V o l a t t : . e Or9Kti^<=s 

T o t a l T e n t a t i v e l y I c i H i t i f i e d 
V o l a t i l e O r o n i c s 

2 2 . 2 

38 

3 6 . 9 51 

22 

7 5 . 6 

16 

46 

49.8 

16 

1 4 . 4 

S e m i v o l a t i l e O r g a n i c s 
p h e n o l 
4 -me thYlpbe ro i I 
i s o p f a o r o n * 
b e n z o i c a c i d 
2 , 4 - d i c h l o r q : h « > o l 
n a p h t h a l e n e 
2 - i > e t h v l n a p b : h a l « i M 
2 . 4 . 6 - t T i c h l < > r o p b « a c £ 
a c e a a p h t h y l « M 
a c e n a p h t h e n e 
d i b e n z o f u r a c 
d ie t f ay Iphtfaa. L a t e 
f l u o r e n e 
p e n t a c h l o r o p w o o l 
p h e o a n t h r e o e 
a n t h i a c e n * 
di-o-hutylpbdialat* 
fluoranthene 
p y r e o e 
b u t y l b e n z y l f i t h a l a t e 
b e n t o l a l a n t i r a c e o e 
b i s ( 2 - e t h i ' l b » x y l ) p b n a l a t e 
c h r i - s e n e 
di-R—PCtylftr Thai a t e 
b e n r c i b i k l i ; io ran t±»«ie 
b e n t o ':a )p^ ' r* ie 
i n d e n c ( 1 , 2 . : - c d ) p i - r « ? i e 
dib»n.-!o( a ,!• i n t h r a r m e 
b » r . r c : g , h , ; r e r y l e r w 

T o t a l S e m i i - : l a t i l c I r c a n i c s 

— 
— 

4 , 2 0 0 

— 
— 

2 , 8 0 0 
1 , 3 0 0 J 

— 
4 . 9 0 0 

— 
890 3 

— 
1 . 1 0 0 3 

— 
9 , 4 0 0 
3 , 7 0 0 
1 , 1 0 0 J 

1 6 , 0 0 0 
1 2 . 0 0 0 

— 
8 . 0 0 0 
8 , 6 0 0 
6 , 7 0 0 

— 
1 1 , 0 0 0 

8 . 5 0 0 
9 , 0 0 0 

— 
1 3 . 0 0 0 

1 2 1 . 1 9 0 

— 
— 

2 . 3 0 0 

— 
— 

530 J 

— 
— 

610 J 

— 
— 
— 
— 
— 

2 , 0 0 0 J 

— 
900 J 

2 . 7 0 0 
2 , 6 0 0 

— 
— 

4 , 5 0 0 
1 .800 J 

2 . 7 ^ ' ' 

— 
— 
— 

3 . 5 0 0 

2 4 . 1 ^ 0 

— 
— 

4 , 0 0 0 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

1 1 , 0 0 0 
1 1 , 0 0 0 

— 
1 4 , 0 0 0 
1 5 , 0 0 0 

— 
9 , 0 0 0 

1 1 , 0 0 0 
6 , 5 0 0 

i i .ooc' ' 
6 , 3 0 0 
6,€C0 

— 
l l .OCC 

1 1 6 , 4 0 0 

— 
— 

3 , 8 0 0 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

3 . 2 0 0 
3 . 3 O 0 
2,SOO 
4 , 3 0 0 
4 , 7 0 0 

— 
2 , 8 0 0 

1 1 , 0 0 0 
2 , 6 0 0 

4 . 5 0 0 ^ 
2 , 4 0 0 
3 , 5 0 0 

— 
6 . 20C 

5 5 , 0 0 0 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

3 , 8 0 0 

— 
— 

• , 9 0 0 
9 . 7 0 0 

— 
5 .800 
5.9O0 
5 , 5 0 0 

7 , 4 0 0 ' ' 
4,4C<I 

— 
— 
— 

5 1 . 4 0 0 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

31 ,000 J 

— 
" b 

— 
— 
— 
— 

:-;,ooo 

T o t a l T e n t a t i v e l y U e n t i f i e d 
S e a i v o l a t i l e OrgaiUTS 7 3 . 5 0 0 2 5 , 8 5 0 5 1 , 6 0 0 44.700 3 1 . 3 0 0 1 4 , 1 0 0 

4 - 5 4 



Table 4-7 (Cent . ) 

Sai^le Co l l e< t ion Information 
and Pai'ameteis CS25 

Saacle ^fu•be: 
3 2 6 CS27 

Da'.* a / 1 9 / 8 7 8 . : ? 37 3 / 1 9 / 8 , 
T iae 1235 : ; 3 0 1423 
CLF O r t j a n i c 1 r a f f i c R e p o r t Kumber EH43E £.^'96 ET104 
CLT I n o r g a n i c T r a f f i c R e p o r t Number MEU72S .•C"-"29 MEU73C 

Coacound D e t « < t e d 
a. 

(values in jA/Vg) 

V o l a t i l e Orq jn ics 
methylene c h l o r i d e 
acetone 
carbon d i s u l l i da 
1 , l - d i c h l o r o < t h a n e 
l ,2-dichloro<i th*n* ( t o t a l ) 
chloroform 
1 . 1 , 1 - t r i c h l o r o * t h a n e 
t r i t i i l o ro*th< rn* 
1 ,1 ,2- t r ich l<i ro« thane 
2-hexanone 
t e t r a c h l o r o e l i i e n e 
to luene 
chlorobenzeno 
xylenes ( t o t u l ) 

Total Volati:.* Organics 

Total Tentat.-.vely Identified 
Volatile Orgnnlcs 

210 

21C 

45 

— 
16 
16 

24 
150 

17 

110 
19 

3 5 

4 3 2 

28 
24 

— 
— 

— 
— 

5.2 J 
12 

— 

45.2 

21.5 

Seed v o l a t i l e Organics 
phenol 
4-Mthylph*ci<il 
isophorone 
benzoic ac id 
2.4-dichloroi>h*nol 
naphthalene 
2-aethy Inapht iha 1 ane 
2 . 4 , 6 - t r i c h l o r o p h e a o l 
acenaphthylene 
acenaphthene 
dibenzofuran 
d i e t h y l p h t h a l a t * 
f lnoren* 
pentach lo ropi i*no 1 
ph*nanthr«n* 
aiithr«c«n« 
d i - n - b u t y l p h i h a l a t * 
f luoranthene 
pyrene 
b u t y l b e n z y l p i t h a l a t e 
ben CO (a ) anth racene 
b i s ( 2- e t l iylhaxyl )ph tha la t e 
chr^s»ne 
d i - n - n c t y l p h t h a i a te 
b-nco ( btk 1 f 1 JOranthene 
b»nzo'a )p\-te:ie 
:nd«nc] (1 ,2 , 3-cd Ip-.rene 
diben::o(a,h 1 anthracene 
t - n z o : g , h . i Iperylene 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

49.0C': J 

— 
—. 

b 

— 
— 
— 
— 

— 
— 

: , 8 0 o 

— 
8 6 0 
5 7 0 

— 
5 8 0 

— 
— 
— 

— 
— 
— 
— 

4,500 
: , 700 

— 
— 

:-.coc 
; . 4 0 c 

—^ 
-.?oc~ 
:, 301 

— 
--
— 

3 

3 
3 

3 

— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 

47 .0c : J 

— 
—^ 
— • 

— 
— 
— 
— 

Total Semivolatile Organics 

Total Tentatively Identified 
Semivolatile Organics 

49.ore 

13.5W 

:-,61C 

-Z. 500 

4-55 

47,03: 



T a b l e 4 - 7 ( C o n t . I 

S a a p l e C c l l e . r i i i o n I n f o r a i a t i o n 
and P a r a n e t e r . s CSOl CS02 

S a n p l e S i m b e r 
13:3 CS04 CS05 CSO* 

F e s t i c i d * i / P a J s 
E n d r i n 
E n d r i n keton-e 
C h l o r d a n e 
* x o c l o r 1254 
^ . r o c l o t 1260 

T o t a l P e s t i c i d e s / P C B s 

2 0 , 0 0 0 
2 , 6 0 0 

2 6 , 0 0 0 

— 

4 8 . 6 0 0 

— 
2 , 7 0 0 

1 7 0 , 0 0 0 

— 

172 .70C 

— 
— 

5 .?00 

l . i C O 

f. : : o 

— 
— 

4 , 8 0 0 

2 ,90C 

7 ,70C 

520 J 

520 

4 5 , 0 0 0 J 
6 6 , 0 0 0 J 

1 1 1 , 0 0 0 

T o t a l T e a t a t i / e l y T d e n t i f i e d 
F « s t i c i d e s / P C 3 s 

A n a l y t e Oetec^ :*d 
( v a l u e s i n a tg^^gl 
a luminum 
a n t i m o n y 
arsenic 
b a r i u m 
b e r y l l i o a 
cadmium 
c a l c i u m 
c h r o m i u B 
c o b a l t 
c o p p e r 
i r o n 
l e a d 
magnesi iBi 
manganese 
m e r c u r y 
Dickel 
potassioa 
s e l e n l t a 
s i l v e r 
s o d i u m 
t h a l l i u a 
t i n 
v a n a d i u m 
l i n e 
c y a n i d e 

T o t a l I n o r g a n i c s 

1 3 . 1 0 0 

— 
14 

369 
1 . 5 
6 . 9 

9 4 , 5 0 0 
1 ,130 

8 . 7 
744 

4 6 , 3 0 0 
1 ,160 

3 0 . 6 0 0 
3 , 6 1 0 

0 . 9 7 
450 

1 ,440 

— 
— 

700 

27 
80 

1 ,210 
3 

1 9 5 , 4 5 5 . 0 7 

B 

JE 

B 

JN 
B 

B 

J * 

12 

104 

31 

22 
4 

1 

, 3 0 0 

— 
13 

289 
1 .9 
3 . 7 

,0OC 
218 
5 . 4 
905 

, 8 0 0 
524 

, 4 0 0 
, 4 5 0 

1-0 
70 

, 3 1 0 

— 
— 

770 

24 
48 

721 
8 .6 

1 7 9 . 8 6 2 . 6 

5 

JE 

E 

JR 
B 

B 

J * 

1 9 7 

1 4 , 0 0 0 

— 
15 

271 
2 
7 

lOt.COO 
581 
! - 9 
424 

4 1 . 2 0 0 
881 

2 1 , 1 0 0 
3 , 4 7 0 

0 . 9 8 
178 

1 .410 

— 
— 

1 .290 

2 7 
6 7 

1 0 7 
0 . 9 7 

, 7 4 0 . 8 5 

B 

J E 

B 

JII 
B 

B 

J * 

215 

11 

114 

50 
I 

27 
7 

, 8 0 0 

— 
11 

269 
1 .1 5 
6 . ? 

.OOC --E 
868 

— 
329 

. 3 0 0 
,19C 
, 0 0 0 
. 7 5 0 
0 . 7 6 

1 
158 .-R 

. 0 7 0 3 

— 
— 
— 

20 3 
124 ' 
719 
1 .1 

. 6 1 7 . 2 6 

I S 

86 

28 

6 
2 

1 

, 5 0 0 
78 

8 . 5 
187 
1 .8 
4 . 6 

. 8 0 0 
33 
18 
54 

, 6 0 0 
103 

, 5 3 0 
, 1 0 0 

— 
38 

, 7 3 0 
3 . 0 
4 . 0 
669 

— 
38 

223 
10 

1 4 2 . 7 0 1 . 9 

N 
N 
N 
N 
H 

R 
N 
R 

J 
C 

t r 

mt 
• 
B 

H 
I C 
IT* 

97 

9 , 8 3 0 
82 R 
14 N 

168 N 
0 , 5 2 BN 

5 .9 R 
3 8 , 7 0 0 

301 R 
21 N 

225 R 
3 6 . 5 0 0 

715 * 
6 , 9 0 0 E 

666 
0 . 8 7 

69 H ' 
3 ,140 

0 . 7 7 BN 
3 .4 N 
247 B 

31 N 
1.300 NE 

6-S R* 

, 9 3 5 . 9 6 

4 - 5 6 



Table 4-7 ( C : n t . ) 

^aa^le C o l l e c t i o n Information 
a.-id P a r a a e t v i s CS07 

Fest ic ides /?C Bs 
E.-K;rin' 
r-idtin ketcr* 
C?ilordnne 
Aroclor 125-: 
Arccloi: 12f.: 

Total Pesti.tides/PCBB 

CS08 
Saaple Nuater 

CS09 CSIO C S l l csi: 

8,600 J 
— 

2,100 J 

10,700 

2.300 J 
— 

2,000 J 

4,300 

3,800 J 
2,800 J 

— 

6.600 

960 J 
940 J 
— 

1,900 

7.6tO J 
5.9CO J 

— 

13.5:0 

5.100 
8,300 

— 

13,400 

Total Tenta- . ively l i a n t i f i e d 
Pest i c ides /?<Bs 

A.'ialyte Detec ted 
(va lues in mc/Vg) 
aluadnum 
ant i mom-
a r s e n i c 
bar i tni 
be ry l l ium 
cadmium 
calcium 
chromium 
c o b a l t 
copper 
iron 
lead 

manganese 
mercurir 
n i c k e l 
potassioa 
s e l e n l m 
s i l v e r 
sodium 
t h a l l i u m 
t i n 
vanadium 
( inc 
cyanide 

Tota l l a e r ^ u i c s 

7,820 
144 
21 
178 

— 
11 

44,600 
379 
28 
245 

64,800 
518 

7,080 
870 
0.98 
87 

1,300 
0.39 
3.5 
612 
— 

35 
1,940 

12 

,684.87 

K 
K 
K 

K 

R 
K 
K 

« 
E 

H* 

BR 
R 
B 

R 
RE 
R* 

120 

10.100 
108 

— 
266 
0.92 
8.1 

50.400 
239 
28 
246 

47.600 
629 

6.360 
1.420 
0.71 
104 

1,230 
0.48 
3.6 
462 
— 

38 
1.540 
5.1 

,7««.91 

N 

N 
BN 
N 

N 
N 
N 

* 
E 

N* 

8N 
N 
B 

N 
HE 
N* 

8,570 
96 
19 
140 
— 
8-5 

49,300 
206 
27 
162 

54,500 
288 

6,880 
564 
1.0 
61 

1,710 
0.7 
2.7 

— 
— 

31 
1,150 
4.8 

123.721.7 

R 
R 
R 

R 

N 
R 
R 

* 
E 

R* 

BN 
R 

N 
RE 
N* 

7,760 
80 
7.6 
181 
0.48 
7.4 

44,500 
169 
15 
122 

313,200 
328 

5,380 
665 
0.71 
36 

1,370 
0.76 
9.4 
502 
— 

27 
532 
2.0 

93,C9S.3S 

N 
N 
N 
BR 
N 

R 
R 
N 

• 
e 

R* 

BR 
N 
B 

R 
RE 
R* 

U l 

11,000 
114 
13 
310 
0.59 
12 

56,500 
217 
24 
347 

46,000 
659 

6,870 
1,130 
1-1 
9.6 

2.330 
0.C3 
46 
541 
— 

3« 
1.140 

— 

,273.91 

R 
R 
R 
BR 
R 

R 
K 
R 

• 
E 

R* 

BN 
R 
B 

R 
RE 

14S 

12.900 
142 X 
14 S 
399 S 
0.71 R 
17 s 

52,800 
394 % 
30 S 
588 S 

64,900 
743 • 

6.570 £ 
1.400 
1.0 
126 •" 

3,€50 
0.47 • 
5.2 C 
553 • 
0.89 

47 • 
1.160 H 
1.6 F 

,442.87 

4 - 5 7 



T a b l e 4-7 ( O m t . ) 

Sample C o l l e c t i o n I n f o m a t i o n 
and P a : a i n « t * - s CS13 CS14 

Saaple Number 

CS15 CS16 CS17 CS18 

P e s t i c i d e s / P < 3 s 
E n d r i n 
E n d r i n ketone* 
C h l o r d i i e 
fkrocrlor 1254 
^ r o c l o r 1260 

T o t a l r e s t i c ; d e s / P C B s 

T o t a l T » ' i t a t : v e l y I d e n t i f i e d 
P e s t i c i d e s / P < 3 s 

A n a l y t e Dete<r ted 
( v a l u e s i n m<[/lig) 
a l u m i n t a 
a n t i m o n y 
a r s e n i c 
b a r i u m 
b e r y l l i u m 
c a d m i u a 
c a l c i u m 
chromium 
c o b a l t 
c o p p e r 
i r o n 
l e a d 
magnes ium 
m a n g a n e s e 
• w r c u r y 
n i c k e l 
p o t a s s i o i 
seleaitai 
s i l v e r 
s o d i u m 
t h a l l i t a i 
t i n 
v a n a d i i a i 
z i n c 
c y a n i d e 

T o t a l I n o r g a i i c s 

2 , 4 0 0 J 

5 , 0 0 0 J 

7 , 4 0 0 

6 , 5 0 0 J 
2 , 5 0 0 J 

9,000 

1 1 , 0 0 0 J 
6 , 0 0 0 J 

1 7 , 0 0 0 

880 J 
600 J 

1.480 

1 0 , 9 0 0 
1 3 . 3 0 0 J 

24,200 

13 ,020 J 
10 .200 J 

23,220 

8,960 
99 
9.1 
238 
0.57 
8.3 

50,200 
133 
19 
188 

45,600 
389 

6,240 
1,090 

0.49 
71 

1,200 

0.33 
3.9 
623 

34 
647 

1.9 

N 

N 
N 

BK 
N 

N 

N 
N 

* 
E 

R* 

BR 

R 
B 

R 
RE 
R* 

11,700 
188 
13 

459 
0.62 
14 

59,100 
203 

32 
621 

67,500 

825 
6,550 
1.270 
0.87 
137 

2,070 
0.58 

5.3 
912 

42 
1,360 
1.3 

N 
N 
N 
BN 
N 

N 

N 
N 

* 
E 

N* 

BN 
N 
B 

N 
NE 
N* 

9,310 
77 

9.1 
134 
0.71 
6.6 

62,100 
223 
18 
85 

28,400 
363 

6,540 
884 
0.76 

63 
1.610 

0.33 
3.0 
862 

33 
463 
2.3 

R 
R 
R 
BN 
R 

R 
R 
R 

« 
E 

R« 

BR 
R 
B 

N 
NE 
H* 

6.900 
75 
7.1 

112 
0.56 
4.8 

51,200 
63 

13 
65 

24,100 

165 
6,320 
833 

— 
93 

1,250 

— 
2.7 
352 
0.85 

29 
231 
1.3 

R 
R 
R 
BR 
R 

R 
R 

R 

« 
E 

R* 

R 
B 

R 
RE 

t r 

11,400 

— 
10 

186 

1-1 
5.6 

59,800 
223 
8.7 

222 
21,800 

507 
19,100 

1,230 
0.63 
101 

1.460 

— 
— 
663 

19 
35 

604 
0.81 

B 

B 

8 

B 

B 

16.900 
186 
15 
648 

2.6 B 
17 

91.000 
296 

8.4 B 
39.100 
32.800 
71,100 
16.000 
3,300 

0.99 
82 

1,650 B 

— 
79 
904 B 

172 

36 
3,970 

15 

1 1 5 , 7 5 5 . 5 9 1 5 3 , 0 0 4 . 6 7 1 1 1 , 1 8 7 . 7 9 1 , 8 1 8 . 3 1 U 7 , 3 7 6 . 8 4 3 7 7 , 2 8 1 . 9 9 

4 - 5 8 



Table 4--7 Cont.) 

Sanple Collaction Infor 

and Parametirs 
• tion 

CS19 CS20 

Sample Number 
CS21 cs:2 CS23 =324 

P e s t i c i d e s / PCBs 
E n d r i n 
E n d r i n k e t o i . e 
C h l o c d a n e 
A r o c l o r 1251 
A r o c l o r 1260 

T o t a l P « s t i . : i d « s / P C B s 

1 2 . 2 0 0 
9 , 3 4 0 

2 1 , 5 4 0 

1 0 , 6 0 0 
8 , 0 1 0 

1 8 , 6 1 0 

— 
1 0 . 8 0 0 J 

1 0 . 8 0 0 

20 .430 
i o , i : o J 

30 .520 

6 , 1 8 0 
5 , 0 3 0 

1 1 , 2 1 0 

•34 J 

•5. 580 J 
1.4*0 J 

T o t a l T e n t a ; i x - « l y I d e n t i f i e d 
P e s t i c i d e s A ' C B s 

A n a l y t e Dct<>ct.ed 
( v a l u e s in~i»g7kg) 
a l u m i n u m 
a n t i m o a y 
a r s e n i c 
b a r i u m 
b e r y l l i u m 
cadmium 
c a l c i u m 
ch romium 
c o b a l t 
c o p p e r 
i r o n 
l e a d 
magnes ium 
m a n g a n e s e 
awrcu ry 
n i c k e l 
p o t a s s i u m 
s e l e n i u m 
s i l v e r 
s o d i u m 
t h a l l i u m 
t i n 
v a n a d i u m 
z i n c 
c y a n i d e 

T o t a l I n o r g a n i c s 

1 2 . 4 0 0 

25 s 
844 
1 .7 B 
4 . 5 

6 3 , 1 0 0 
339 
7 . 1 
283 

5 7 , 3 0 0 
1 ,070 

1 3 , 3 0 0 
1 ,640 

0 . 5 6 
7 1 

1 .S50 B 

B 

1 2 , 8 0 0 

11 
260 
1.6 B 
3 . 1 

7 1 , 0 0 0 
289 

11 B 
679 

2 9 , 1 0 0 
826 

23,800 
1,710 

0 . 6 7 
241 

1 .920 B 

1 3 , 0 0 0 

16 s 
386 
1 .3 B 
7 . 3 

6 9 , 9 0 0 
848 

13 S 
394 

2 5 , 9 0 0 
1 .390 

2 0 . 1 0 0 
2,080 

1 .2 
439 

1 , 6 4 0 B 

1 0 , 5 0 0 
25 B 

11 s 
421 
0 . 9 B 
1.2 

6 4 . 6 0 0 
492 

12 B 
326 

3 3 . 9 0 0 
1.370 

20 .000 
1.740 

1.0 
349 

1.C70 B 

1 0 . 4 0 0 

12 
296 

0 . 7 2 B 
4 . 3 

5 5 . 1 0 0 
803 

10 B 
206 

3 3 , 1 0 0 
1 ,280 

2 4 . 3 0 0 
1 ,530 

1.2 
180 

3 , 0 4 0 B 

2.4 B 

6 . 0 7 0 

7 . 6 
164 
1 .0 B 

6 « . S 0 0 
169 
7 . 4 B 
ISO 

2 5 . 0 0 0 
402 

2 t . 2 0 0 
2 . 3 3 0 
3.49 

40 
9 3 1 B 

24 
36 

937 
1 .6 

1 5 3 . 9 6 4 . 4 6 143 348 

20 
39 

637 

— 

. 3 7 

B 

137 

18 
48 

1 . 2 8 0 
0 . 9 8 

4 6 2 . 7 8 

B 

136 

— 
45 

888 
2 . 9 

.362 13C 054 

19 B 
48 

719 
2 . 5 

. 1 2 1 2 5 5JI 

1 5 B 
48 

3 7 5 
1 .4 

. 8 9 
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Table 4-7 (Cen t . ) 

Sample C o l l e c t i o n Information 
a.nd Fa rane t e i s 

r^stic:Ld«s/1>CBs 
D i d i i n 
Endrin ketone 
Chlordflne 
Aroclor 5254 
Aroclor 1260 

Total P e s t i c : deS/?CBs 

CS25 
Saaple Number 

CS26 

2,420 
— 

7,31C 

9,730 

J 12,800 
11.500 

— 

24.300 

CS27 

650 J 

5,600 J 

6,250 

Total Te=.tat:.vely I d e n t i f i e d 
P e s t i c i<J»s/Ti3s 

Analyte tiete<:ted 
(va lues in mn/kc1 
aluminum 
antimony 
a r s e n i c 
barium 
beryl l ium 
cadmium 
calcium 
chromium 
cobalt 
copper 
i ron 
l ead 
•ugnesiom 
manganese 
mercury 
n i c k e l 
po t a s s i m 
selenium 
s i l v e r 
sodium 
t h a l l i u m 
t i n 
vanaditat 
z inc 
cyanide 

Tota l Zaarganlcs 

11.700 

825 B 

9.140 

737 B 

13,000 

11 
321 

0.68 a 
3 . 4 

59.700 
481 

15 B 
4 8 9 

45,100 
1.100 

20.000 
1.770 

0,57 
17< 

2,340 B 

17 
456 

0.77 
40 

55,400 
904 

22 
450 

24,900 
3.000 

16,700 
820 
1 .1 
107 

1.690 

B 

B 

B 

14 
362 
1.6 B 
4 . 4 

80,900 
372 
6.9 B 
302 

32.900 
976 

13.900 
2.660 

— 
83 

1.590 B 

22 
46 

1.860 
3 . 7 

« 4 . 3 S 

B 

110, 

22 
26 

1,090 
5 . 2 

,528.07 

B 
B 

147, 

21 B 
31 

602 
3 . 9 

,729.8 

— Rot datectmd-
b Detmct*^ f o r be sxo fb i a i .norantkao* o o l y . 
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Tat>le 4 - 7 ( C o n t . I 

COMPOUND 
OUALIFIEES 

J 

DeriNinoN 

i D i i i c a t e s aa e s t i m a t e d v a l u e . 
T h i s f l r q i s u s e d ubcn t h « eeaipcund i r 
fo^nd i n t b t a s s o c i a t e d b l a n k a s w e l l as 
i c t h e s a m p l e . I t i n d i c a t e s p o s s i b l e , 
pr^^ibable b l m k c o n t a m i n a t i o n and w a r n s 
ti>* d a t a u f t c t o t a k e a p p r o p r i a t e a c t i c r . . 
TV-IS f l a g i ^ n t i f i e s a l l c o a p o u n d s i d e n t i 
f i e d i n a n a n a l y s i s a t a s e c o n d a r y d i l T r t i o n 
f a r t o r . 

IKTERfRETATIOR 

Coapound v a l u e may be s e m i ( 7 u a n t i t a t i v e . 
Cr-TEOimd v a l u e may_ t ^ s e m i < r . i a n t i t a t i v e i f 
i t : s <5x t.>;e b l a n x c o n c e n t r a t i o n ivlu*. 
t h « b l a n k c c n c e n t r a t i o n s f o r common 
l a b o r a t o r y a r t i f : ; c t s : p h t h a l a t e s , m e t h y l e n e 
c h l o r i d e , a c e t o n e , t o l u e n e , 2 - b u t a n e n e ) . 
A l « r t s d a t a u s e r t c a p o s s i b l e c h a n o e i n 
t b « CRQL. 3 « t a i s < j j a n t i t a t i v e . 

ANALYTE 
C4IALIFIE5S DEFIRITTON 

E s t i m a t e d oc n o t r e p o r t e d d u e t o i n t e r f e r -
c i> :e . S e e l a b o r a t o r y n a r r a t i v e . 
A i v a l y s i s by H a t b o d of S t a n d a r d A d d i t i o c s . 
S p i k e r e c o i v c i e s o u t s i d e QC p r o t o c o l s , 
>4uch i n d i c a t e s a p o s s i b l * m a t r i x p r o b l e m . 
Data may b e b i a s e d h i g h o r l o w . S e e s p i k e 
r e s u l t s a n d l a b o r a t o r y n a r r a t i v e . 
D q p l i c a t e i m l u e o u t s i d e QC p r o t o c o l s «feich 
i r d i c a t e s a p o s s i b l e m a t r i x p r o b l e m . 
V a l u e i s r e a l , b u t i s a b o v e i n s t r u m e n t OL 
a s d b e l o w CBDI,. 

Va lue i s a t o v « CSDL mad i s »n e s t i m a t e d 
v a l u e b e c m i s a o f a QC p r o t o c o l . 

INTE5PRETATI0N 

A n a l y t e o r e l e m e n t v a s n o t d e t e c t e d , 
v a l a e may b e s e m i q u a n t i t a t i v e . 
Va lue i s q u a n t i t a t i v e . 
V a l u e may b e q u a n t i t a t i v e o r s e m i 
q u a n t i t a t i v e . 

V a l u e may b e q u a n t i t ^ a t i v e e r s e m i 
q u a n t i t a t i v e . 
Va lue may be q u a n t i t a t i v e o r s e m i -
q o a n t i t a t i v v . 
V a l u e may b e s e a i q n a n t i t a t i v * . 

The f o l l o w i n g r e t l s i c n s w e r e a a d a i n t h i s t a b l e t o t h e q u a l i f i e r s t h a t a^^war i n t h e o r g a n : : c a n d i n o r g a n i c 
a n a l y t i c a l d a t a s h e e t s . Some s a m p l e s w e r e a n a l y z e d u n d e r a n o l d e r Sta tepmant o f Wsrk (SCMl. Q u a l i f e r s u s e d 
i r <dhis t a b l e r e l l e c t q u a l i f i e c u s a g « m d c r t h e c u r r e n t SCW. 

Old 

( 1 
Wew 

B 
R 

S c u r c e : E c o l o g y <ind P i v i r o o m a r f t , I n c . 1 9 9 0 . 
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V 
CS03 

VDC : 
SV 44,400|,' 
PEST 5,900 
PCB 2.800 

CS23 CS21 CS20 CS17 

51,400| 
6, ieoi 
5,030 

vo5~ 
SV 
PEST 
PCB 

116,400; 

10,f00| 

voC 
SV 
PEST 
PCB 

9.9 
24.140 
10.600 

8,010 

sv 
PEST 
PCB 

14,900 
10,900 
13,300 

CS14 

v6C 
SV 
PEST 
PCB 

10 
40.180 
6.500 
2,500 

CSll 
v6(i • 
SV 22.933 
PEST 7.600 

fPCB 5.900 

vsr 
SV 
PEST 
=CB 

CS09 
5J 

26,8561 
3,800 
2.800! 

CS06 
vOC = 
SV 18.144 
PEST 45.000 
PCB 66.000 

SOURCE: Ecotogy and Environment, Inc. 1990, 

NOTE: CONCENTFIATIONS IN H9fl(g. 

CS02 
V5C 
SV 143.100 
PEST 172.700 
PCB k 

CS24 
V5C = 1 
SV 
PEST 
PCB 

32,000 
6,014 
1,460 

^ 

CS27 
VCic; 69.2 
SV 47,000 
PEST 6,250 
PCB 

CS19 
VOC 5.2 
SV 121.190 
PEST 12,200 
PCB 9,340 

sv 
PEST 
PCB 

22,633 

600 

VOC 
SV 
PEST 
PCB 

29,880 
2,400 
5,000 

V(i(i 
SV 
PEST 
PCB 

CSIO 

— 
21,430 

960 
940 

V6C 
SV 
PEST 
PCB 

CS08 
2.6 

25.636 
2,300 
2,000 

vsr 
SV 
PEST 
PCB 

13,883 
520 

S C t L C 
ZOO 3 0 0 

LEGEND 
NOT DETECTED 

VOC TOTAL VOLATILE ORGANIC COMPOUNDS 
SV TOTAL SEMIVOLATILE ORGANIC COMPOUNDS 
PEST TOTAL PESTICIDES 
PCB TOTAL PCBS 

FIGURE 4-19 DISTRIBUTION AND 
CONCENTRATION OF ORGANIC 
COMPOUNDS IN COMPOSITE 
SOIL SAMPLES 
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CS06 contained the greatest nunber of semivolatile constituents. 

Twenty-seven conpounds were detected in sample CS06 including 16 PAHs, 5 

phthalates, A phenols, 1 aromatic hydrocarbon, and 1 hydrocarbon. 

PAHs were detected in 23 conposite samples with concentrations 

reinging from 64 ug/kg acenaphthene in CS06 to b4,000 yg/kg pyrene-in -

CS02. Pyrene was the most frequently detected PAH. It was detected in 

23 samples with concentrations ranging from 1,400 ug/kg in CS15 to 

64,000 yg/kg in CS02. 

Ptienols were detected in 11 samples. Concentrations ranged from a 

low of 38 yg/kg of 4-methy1phenol in CS06 to a high of 740 yg/kg phenol 

in CS07. Phenol was the most frequently detected phenol-related con-

pound, being detected in 10 samples. 

Piithalates were detected in 23 samples with concentrations ranging 

fron 33 yg/kg of di-n-butylphthalate in CS05 to 49,000 yg/kg of 

bis(2~.2thylhexyl)phthalate in CS25. Bis(2-ethylhexyl)phthalate was the 

most frequently detected phthalate with detections in 23 samples. 

Bi>nzoic acid and dibenzofuran were the aromatic hydrocarbons 

detected. Benzoic acid was found in 3 samples at concentrations of 700 

yg/kg in CS12, 1,100 yg/kg in CSll, and 1,300 yg/kg in CS08. Dibenzo

furan vas detected in 13 samples. Concentrations ranged fron 98 yg/kg 

in CSO*} to 890 yg/kg in CS19. 

I.'sophorone, the only hydrocarbon detected, was found in 16 sanples 

with concentrations ranging fron 110 yg/kg in CS13 to 4,200 yg/kg in 

CS19. 

Pesticides. Pesticides vere detected in 26 of the 27 conposite 

sanple::. Endrin, Endrin ketone, and Chlordane were the only pesticides 

detect4Kl. Chlordane vas the nost frequently detected compound. Tventy-

six sanples contained Chlordane in concentrations ranging fron 520 yg/kg 

in CSOl) to 170,000 yg/kg in CS02. Endrin vas detected in CS27 at 650 

yg/kg, CS24 at 1,634 yg/kg, and CSOl at 20,000 yg/kg. Endrin ketone was 

detect«;d in CSOl and CS02 at concentrations of 2,600 yg/kg and 2,700 

yg/kg. 

Table 4-7 contains a summary of pesticide results and Figure 4-19 

depicts the distribution of total pesticide concentrations. 

4-63 



P(>Bs. Twenty-three of 27 composite surface soil sanples indicated 

contamiination by either Aroclor 1254 or Aroclor 1260. Concentrations 

ranged from 600 yg/kg Aroclor 1254 in CS16 to 66,000 yg/kg Aroclor 1254 

in CS0<). Aroclor 1254 was detected in 17 samples and Aroclor 1260 was 

detect<:d in 6 samples. ~ 

Tsible 4-7 summarizes the results of PCB analysis and Figure 4-19 

illustrates the distribution of total PCB concentrations-

Tj^s. Tentatively identified compounds (TICs) are conpounds that 

either are not contained on the TCL, but were semiquantitatively identi

fied during analysis, or are TCL coapounds that were seniquantitatively 

identilied due to a matrix problem. Concentrations given for TICs are 

all estimated values. Twenty-five of the 27 conposite surface soil 

samples contained TICs. 

Tventy-nine volatile conpounds and 346 senivolatile conpounds were 

identified as TICs. Frequently occurring volatile TICs were isocyano 

methane and (7)-5,5-dinethyl-a-hexanone. Semivolatile TICs included 

alkyl tenzenes, alkyl phenols, benzene sulfonamide isomers, phthalates, 

aldehydes, ketones, cycloalkanes, hydrocarbons, benzofluorene, isomers, 

anthracene, phenanthrene, and 3,3,5-t'rinethyl cyclobexsuione. Xylenes, 

Chlordane, and PCBs vere also identified as TICs. 

Inorganics. Analytical results of inorganic analytes detected by 

TAL analysis of composite surface soil sanples are presented in Table 

4-7. Figure 4-20 presents the distribution of detected concentrations 

of selected inorganic analytes. Table 4-8 illustrates typical analyte 

concentrations found in soils versus analyte cmcent rat ions detected in 

composite surface soil sanples at the U.S. Scrap site. 

TAL analysis indicated the presence of anthropogenic constituents 

as well as common soil constituents. Notable constituents considered 

potentially to be of anthropogenic origin included arsenic, antinony, 

cadmium, chromium, lead, mercury, and cyanide. 

Lead and chromiun were detected in all 27 composite surface soil 

.samples. Lead ranged in concentration from 103 mg/kg in CS05 to 71,100 

mg/kg in CS18. Twenty-four composite soil sanples contained concentra

tions of lead that exceeded the upper range linit of 300 ng/kg found in 
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-T!: 
CS03 CS23 

y 

Sb 
/As 

/ Cd 
/ Cr 
\ p b 

CN 

1 
7 

581 
831 
0.98 
0.97 

i / . 

/ 

Sb 
As 
Cd 
Cr 
Pb 
Hg 
CN 

12 
4.3 
803 

t,280 
1.2 
2.5 

Sb 
As 
Cd 
Cr 
Pb 
Hq 
CN 

CS21 

16 
7.3 
848 

U90 
1.2 

0.98 

Sb 
As 
Cd 
Cr 
Pb 
Hq 
CN 

CS20 

11 
3.1 
289 
826 
0.!7 

CS17 

5tr 
As 
Cd 
Cr 
Pb 
Hg 
CN 

10 
5.6 
223 
507 
0.(3 
O.i.1 

Sb 
As 
Cd 
Cr 

r^t 
CN 

CS14 
188 
13 
14 

203 
825 
0.87 

\3 

"̂ 17" CS09 CS06 
Sb 
As 
Cd 
Cr 
Pb 
Hg 
CN 

114 
13 
12 

287 
659 
1.1 

Sb 
As 
Cd 
Cr 
Pb 
Hg 
CN 

96 
19 

8.5 
206 
288 
1.0 
4.8 

Sb 
As 
Cd 
Cr 
Pb 
Hg 
CN 

82 
14 

5.9 
301 
715 

0.87 
6.5 

CS02 CS24 CS27 — CS19 CS16 

As 
Cd 3.7 

7.6 
Sb 
As 
Cd 
Cr 
Pb 
Hg 
CN 

— 
14 

4.4 
372 
976 

3.9 

Sb 
As 
Cd 
Cr 
Pb 
Hg 
CN 

25 
4.5 
339 

1,070 
0.56 

1.6 

75 
7.1 
4.8 
63 

Sb 
As 
Cd 
Cr 
Pb 
Hq 
CN 

CS13 
99 

9.1 
8.3 
133 
389 
0.49 

1J9 

Sb 
As 
Cd 
Cr 
Pb 
Hq 
CN 

CSIO 
80 

7.6 
7.4 
169 
328 
0.71 

2.0 

Sb 
As 
Cd 
Cr 
Pb 
Hq 
CN 

CS08 
108 

8.1 
239 
629 
0.71 

5.1 

CS05 
sb 
As 
Cd 

r 
Pb 
Hg 
CN 

78 
8.5 
4.6 
33 

103 

SOURCE: Ecology and Envirenmenl, Inc. 1990. 

NOTE: CONCENTRATIONS IN m g * g (ppm). 
0 too 200 300 

LEGEND 
NOT DETECTED Cr 

Sb ANTIMONY Pb 
As ARSENIC Hg 
Cd CADMIUM CN 

. 0 0 . SOO Fet I 

CHROMIUM 
LEAD 
MERCURY 
CYANIDE 

FIGURE 4 - 2 0 DISTRIBUTION AND 
CONCENTRATION OF SELECTED 
ANALYTES IN COMPOSTTE SOIL 
SAMPLES 
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Table 4-8 

TYPICAL COfKENTRATIOMS OF ANALYTES •» SOIL 

VERSUS <?3NCEITRATI0NS DETECTED IN COMPOSITE 

SOIL SAKPLES COLLECTED AT TWE U.S. S^lAP SITE 

Anai'-t€ Typical Range in 

S o i l s (med ian ) 

( m g A g ) 

Range i n U . S . S c r a p NuId^«r of S a n p l e s 

C o m p o s i t e Sample s ( m e d i a n ) C o n t a i n i n g A n i l y t e 

( m g A g ) 

number of i a m p l e s ^ c e e d i n ; 

^he y p p e : L i m i t c t T \ -p ica l 

J i r i l Rano* 

a l i m i r u m 1 0 , 0 0 0 - 3 0 0 . 0 0 0 ( 7 1 , 0 0 0 ) 

»ntii»crry . 2 0 - 1 0 ( 1 . 0 ) 

a r s e < i i c . 1 0 - 4 0 ( 6 . 0 ) 

b a r i j » i 1 0 0 - 3 , 0 0 0 ( 5 0 0 ) 

b e r j - l l i u m . 0 1 - 4 0 ( 1 . 8 0 ) 

c»<imiv» . 0 1 - 2 . 0 ( . 3 5 ) 

c a l c U s i 7 0 0 - 5 0 0 , 0 0 0 ( 1 5 . 0 0 0 ) 

c h r o a i i n a 5 . 0 - 1 , 5 0 0 ( 7 0 ) 

c o b a l t . 0 5 - 6 5 ( 8 . 0 ) 

c o p p e i 2 . 0 - 2 5 0 ( 3 0 ) 

i r o n 2 , 0 0 0 - 5 5 0 , 0 0 0 ( 4 0 , 0 0 0 ) 

l e a d 2 . 0 - 3 0 0 ( 3 5 ) 

m a g n e i i u m 4 0 0 - 9 , 0 0 0 ( 5 , 0 0 0 ) 

manganese 2 0 - 1 0 , 0 0 0 ( 1 , 0 0 0 ) 

m e r c j i y . 0 1 - . 5 0 ( . 0 6 ) 

n i c k e l 2 . 0 - 7 5 0 ( 4 0 ) 

p o t a s i ^ i u a 6 0 - 3 7 , 0 0 0 ( 1 4 , 0 0 0 ) 

s e l e n i u m . 0 1 - 1 . 2 ( . 4 0 ) 

s i l v e r . 0 1 - 8 . O ( . 0 S ) 

s o d i i o i 1 5 0 - 2 5 , 0 0 0 ( 5 , 0 0 0 ) 

t h a l l u i m . 1 0 - . « 0 ( . 2 0 ) 

t i n . 1 0 - 2 0 0 ( 4 . 0 ) 

vanad.-.um 3 . 0 - 5 0 0 ( 9 0 ) 

l i n e 1 . 0 - 9 0 0 ( 9 0 ) 

cyaai<)e V 

6.070-16,900(11,400) 

25-188(97.5) 

7.1-25(13) 

112-844(270) 

.48-2.6(.92) 

3.1-40(6.95) 

38,700-114,000(59,800) 

33-1,130(296) 

5.4-32(14.0) 

54-39,100(302) 

21,800-67,500(33,900) 

103-71,000(743) 

2,000-30,600(13,300) 

564-7.750(1.530) 

.49-1.2(.92) 

9.6-450(93) 

921-2,650(1.610) 

.33-2.0(.5«) 

2.4-79(3.75) 

247-1,290(666) 

.<5-.89(.C7) 

15-172(21.5) 

26-124(33} 

223-2.970(S8S) 

. t l - l i ( 2 . 5 } 

27 

14 

26 

26 

25 

26 

27 

27 

26 

27 

27 

27 

27 

27 

24 

27 

27 

11 

14 

18 

2 

14 

27 

27 

25 

0 

14 

0 

0 

0 

26 

0 

0 

0 

15 

0 

24 

14 

0 

22 

0 

0 

1 

3 

0 

2 

O 

0 

13 

a 

U ln.ivailable 

Souics: Boi'en 19''9. 
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typical soils (see Table 4-8). The median concentration for lead at the 

U.S. Scrap site exceeded the median in typical soils by 708 mg/kg. 

Chromium concentrations ranged from 33 mg/kg in CS05 to 1,130 mg/kg in 

CSOl, but these concentrations did not exceed the upper range limit 

typically found in surface soils. 

Cadmium and arsenic were detected in 26 of the 27 composite 

samples. Cadmium concentrations ranged from 3.1 mg/kg in CS20 to 40 

mg/kg in CS26. Cadnium concentrations in all 26 samples exceeded the 

upper range limit of 2.0 mg/kg in typical soils (see Table 4-8). The 

nedian cadmiim concentration in the composite soil samples exceeded the 

median concentration in typical soils by 6.6 mg/kg. Arsenic was de

tected in concentrations ranging from 7.1 mg/kg in CS16 to 25 mg/kg in 

CS19. Arsenic concentrations did not exceed typical concentrations 

found ia surface soils. 

Mercury vas detected in 24 composite soil samples in concentrations 

ranging fron 0.49 mg/kg in CS13 and CS24 to 1.2 mg/kg in CS21 and CS23. 

The upper range limit of mercury typically found in surface soils was 

exceeded in 22 of the samples. The nedian concentration found at the 

U.S. Scrap site exceeded the median of 0.06 mg/kg for typical soils by 

0.86 ng/kg. ' 

Antinony was detected in 14 samples at concentrations exceeding 

levels typically found in surface soils. Antimony concentrations ranged 

from 25 mg/kg in CSZ2 to 188 mg/kg in CS14. The median concentration in 

typical soils was exceeded by 96.5 mg/kg. 

cyanide vas detected in 25 samples vith concentrations ranging from 

0.81 ng^kg in CS17 to 15 ng/kg in CS18. No Infomation vas available on 

typical cyanide concentrations in soils. Other inorganic conpounds de

tected In concentrations above those typically found in soils included 

copper, magnesiun, thallium, and zinc. 

EMscussion! 

Organics. Results of TCL analysis of composite surface soil 

samples indicated -̂idespread organic contamination of surface soils 

vil:hin the perimeter fence at the U.S. Scrap site. Composite surface 

soil sanple results vere successful in determining the types and general 

range of concentrations of organic contaminants present in surface soil 
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at the site; however, the results did not determine the extent of 

surfac'3 soil contamination associated with the site. 

The areal extent of VOCs at the surface was more restricted than 

other organic contaminants detected in composite surface soils. This 

may be attributable to high ambient air an^ surface soil temperatures^ 

and/or compositing techniques facilitating the loss of VOCs by volatili

zation at the tine of sampling, and/or photoionization and destruction 

by sunlight in the near-surface samples. There are only two areas 

exhibiting discernible trends in contaminant distribution. Samples 

CS07, CS08, and CS09, located at the south end of the site, all con

tained chloroform in low concentrations. Tetrachloroethene was detected 

in samples CS18, CS19, CS22, CS26, and CS27, which together represent an 

area that coincides with the northern clay cap area. These concentra

tions ve re also relatively lov. Samples CS25 and CS26 consisted in part 

of composite sample components collected from beneath clay caps and 

coincide with the southern and northern burn areas, respectively. 

Sample CS26 contained the greatest number of compounds, which was 9, and 

the hif:hest total VOC concentration (432 Mg/kg), whereas sample CS25 

only ccntained a relatively high concentration of acetone (210 ug/kg). 

This difference nay be due to the sys'tenatic nature of conposite sample 

component locations and preferential VOC accumulation in soils near 

areas cf high organic waste. Vhile the clay caps could be expected to 

trap VCCs that are nobile in the subsurface, the presence of fractures 

and vents resulting from the fire may create locations of preferential 

VOC accumulation. Sanple conponent locations for CS26 may have inter

cepted these areas of accumulated VOCs, while sample components for CS25 

may not have disturbed these areas. 

Semivolatile contanlnation vas videspread across the U.S. Scrap 

site. Samples CSOl, CS02, CS04, CS19, and CS21, collected fron the 

northern portion of the site, had notably higher concentrations of 

semivolatile conpounds than other collected samples. Semivolatile 

concentrations were relatively comparable throughout the remainder of 

the site. 

Pesticide contamination was videspread across the U.S. Scrap site 

with tvo areas exhibiting relatively high concentrations. Samples CSOl 

and CS02, collected at the north end of the site, and CS06, collected 
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from the southeast corner of the site, all contained high concentrations 

o£ pesticides in conparison to the other composite surface soil sanples. 

Of the three pesticides detected in composite surface soil samples, 

lindrin vas only detected in CSOl, CS24, and CS27, and Endrin ketone vas 

only detected in CSOl an<i CS02. These composite samples^cdntaihing En

drin and Endrin ketone are all located along the northern anti nortit-

vestern borders of the site. Chlordane, the remaining pesticide, vas 

detected in all composite surface soil samples except CS21. 

PCB contamination vas also widespread across the site and onlj one 

area exhibited relatively high concentrations. This area is located in 

tJie southeaist comer of the site and is represented by sanple CS06. 

Inorganics. Antimony, cadmium, lead, and mercury were all detected 

in composite surface soils above concentrations typically found in 

soils. High concentrations of antimony were mostly restricted to the 

southern half of the site, particularly south of the loading dock. 

Sample CS22 was the only sample collected north of this area containing 

antinonir, and the concentration of antimony in this sanple vas relative

ly low in conparison to levels detected in samples collected in the 

southern portion of the site. ' 

High cadniua concentrations were widespread throughout the site 

vith no discernible patterns of deposition. The highest concentration 

vas detected in CS26, vhich coincides vith the northern bum area. 

Lead distribution vas videspread across the site although the 

highest concentrations vere detected in the northern portion of the 

site, particularly north of the on-site lagoon. Sample CS18 contained 

the highest concentration of lead, vhich vas substantially higher thaui 

levels detected in all other conposite samples. This saq>le vas 

collected fron an area encompassing the loading dock. Sanple CS25 

contained the highest concentration of lead in the southern portioa of 

tie site, and its location coincides with the southern burn area. 

High nercury concentrations were widespread across the'site ;»i.th no 

ci::;cernible trends in distribution. 

High cyanide concentrations were detected throughout tlie U.S. Scrap 

site with no distinguishable trends of deposition. The sanple with the 
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highest: concentration was CS18, which was collected from an area that 

includtis the loading dock. 

4.2.2.<: Discrete Surface Soil Samples 

R{:sults; " "" ~ 

VCjCs. Volatile organic compounds were detected in 8 of the 18 

discrete surface soil sanples submitted for TCL compound analysis. 

Table i - 9 summarizes the results of VOC analysis and Figure 4-21 

illusttates the distribution of organics, pesticides, and PCBs in 

discrete soil samples. A total of 14 compounds were detected including 

compouTids considered to be common laboratory artifacts. Sanple DS15 

contaired the greatest number of compounds, which was 13, with con

centrations ranging fron 6 yg/kg trans-l,2-dichloroethene to 190 yg/kg 

toluent:. Acetone and toluene were the most frequently detected VOCs. 

Acetone was found in 8 samples in concentrations ranging fron 5 yg/kg in 

DS16 tc 430 yg/kg in DS18. Five sanples contained toluene, with con

centrations ranging fron 8 yg/kg in DS16 to 930 yg/kg in DS18. The 

highest VOC concentration was detected in DS18 with 1,200 yg/kg 

4-methjl-2-pentanone. Sample DS18 also contained the highest total VOC 

concentration, 4,(X)9 yg/kg. 

Senivolatiles. Thirty senivolatile organic compounds were detected 

in discrete surface soils including compounds considered to be common 

laboratory artifacts. Table 4-9 suanarizes the results of semivolatile 

analysis. Senivolatile compounds were detected in all 18 discrete soil 

samples, and included 16 polynuclear aromatic hydrocarbons (PAHs), 5 

phenols, 5 phthalates, 1 halogenated aromatic, 1 nitrogen hydrocarbon, 1 

aromatic, and 1 hydrocarbon. PAHs vere detected in all 18 discrete soil 

samples with concentrations ranging from 38 yg/kg acenaphthylene in DS03 

to 12,200 yg/kg benzo(b&k)fluoranthene in DS15. Phenanthrene and 

fliiorarthene vere the most frequently detected PAHs with concentrations 

reported in 17 samples. Phenanthrene concentrations ranged from 150 

Ug/kg in DSll to 7,300 yg/kg in DS15 and DSIB. Fluoranthene concentra

tions langed from 340 yg/kg in DSll to 10,000 ug/kg in DS18. 

Phthalates were detected in 17 discrete surface soil samples with 

concentrations ranging from 35 yg/kg di-n-octylphthalate in DS12 to 
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Table 4-9 
BI3ULrs o r CHEMICAL ANALYSIS OF 

FIT-XILLECTO DISCRETE SOIL SA.fE'LES 

Sample Co l l ec t ion Information 
DPOl 

Sai^Ie Number 
nS03 0504 DS05 DS06 

Cwto 7/7/87 
Time 1210 

CTJ" Organic Traffic Report Numl>er EU424 
CXP Inorganic Traffic Report Nunbex HEP09? 

Coitpound Detected 
(values in pg/Vg) 

Volatile Organics 
metliylene chloride — 
acetone — 

1,1—dichloroethane — 
1,2—dichloroethene (total) — 
chlorofor™ — 

2-butanone — 
1,1,1-trichloroethane — 
trichloroethene — 
benzene — 
4—methyl—2-pentanone — 
tetrachloroethene — 
toluene — 
cthylbenzene — 
total rylenes — 

Total Volatile Organics 

Total Tentatively Identified 

Volatile Orginics 

Semivolatile Organics 
ph«nol 
2-chlorophenc1 
2-*Mthylph«nc 1 
4-iaeth^'lphenc 1 
isophorone 
2,4-<liai«thyl(h«nol 
1,2,4-t ridtlc robenzene 
napthalane 
2-«Mth>'ln«ptl alene 
dimethyl phttalate 
acanaphthylerie 
acenaphthene 
dibenzofuran 
fluoren* 
t l -a i troso41pti«nyl««liM 
pMit«diloropli«nol 
phenanthrene 
an thracene 
d i -n-b i i ty lph( Jia l a t e 
f luoranthene 
pyrene 
butylbf lnrylpl i thala te 
ben5:o ( » ) »nth:-acene 
b i s (2-sthylh<?x>'l )ph tha la t e 
chrj 'sene 
d i - n - o ; t y l p h : h « l a t e 
ben;:o ( 5lk) f luoranthene 
b tn - .od )piyr»iie 
indeoo ( 1 , 2 , 3-cd) pyrene 
dibenzo(a ,h) 'Ui thrac*n« 
benr.o( g .h , i )]>eryl«ne 

Total Semivolatile Organics 

Total Tentatively Identified 

Semivolatile Organics 

7 / 7 / 8 7 
i : i 5 

• H 2 5 
JETIOO 

7 / 7 / 8 7 
1245 

EN42e 
- E P I O I 

7 / 7 / 8 7 
1300 

EN427 
KEP102 

8 / 5 / 8 7 
1140 

EN018 
KEP396 

8 / 5 / 8 7 
1145 

ENOSO 
MEP007 

192 J 

114 

1 J 

2 J 
46 

163 

110 

510 3.100 

— 
— 
— 
— 
— 
— 
— 
— 
— 

2.3OT J 

— 

6,301 J 

— 
— 
— 

le.or'i J 
2.7:>i J 

~ b 

— 
— 
— 
— 

27 .310 

— 

— 
63 J 
64 J 

— 
123 J 

— 
— 
— 
— 

596 
113 J 

930 
1 ,145 

817 
519 

: , 4 0 3 
810 

1 , 7 ; ; ^ 

850 
1 ,235 

346 J 
9 1 3 

1 1 , 8 8 3 

1 5 . 1 4 0 

4 - 7 1 

1 
1 

2. 

1 

— 
63 J 
82 J 

— 
38 J 
56 J 
44 J 
56 J 

— • • 

•se 
130 J 
490 

.oot 
,40C 

14 t J 

eir 
. 2 0 : 

8 5 : 
1 3 : J 

, 1 0 : ^ 
8 2 : 

^9z 
— 

4 M 

1 1 . 5 2 9 

3 6 . U 9 

— 
460 
770 

— 
68 J 

— 
260 J 

— 
— 

1 ,600 
160 J 

1 ,300 
2 , 0 0 0 

— 
1,900 

240 J 
1,600 

2 . 4 5 0 
750 

1 .000 

— 
600 

1 5 , 1 5 8 

4 2 , 8 4 0 

97 J 
470 
270 J 

— 
840 
170 J 
260 J 
460 

i.too a 

z.eoo 
770 

3 , 5 0 0 
2 , 1 0 0 

— 
1,600 

— 
1,70C 

3 , 7 9 c 
1 ,800 
1 ,00c 

380 
780 

2 5 , 0 9 7 

2 5 . 6 8 0 

— 
1.000 

880 
100 J 
610 
160 J 
220 J 
220 3 

1 .500 B 

2 , 6 0 0 
640 

3 , 5 0 0 
2 , 6 0 0 

— 
1,400 
7 ,400 
2 , 0 0 0 
1 ,000 
3 , 4 0 0 
2 , 2 0 0 

— 
— 

910 

3 5 , 4 4 0 

2 6 . 4 6 0 



Table «-9 (Cwit. ) 

Sample Collec:ion Information 
and Parameters DS07 DSOI 

S a n p l e Number 
DS09 Ds:o D S l l CS12 

C a t e 8/-5/87 
Time 1140 
CLP O r g a n i c T r a f f i c R e p o r t Nunber E9I081 
CLP I n o r g a n i c T r a f f i c R e p o r t Number tEPOOB 

Compound P e t e - r t e d 
(va lv ies i n > / g ^ g ) 

V o l a t i l e O r g a i i c s 
i n e t h y l e n e c h l o r i d e — 
a c e t o n e — 
1 , l - d i c h l o r o e y i a n e — 
1 , 2 - d i c h l o r o e A e n e ( t o t a l ) — 
c h l o r o f o r m — 
2 - b u t a n o n e — 
1 , 1 , 1 - t r i c h l o r o e t h a n e — 
t r i c h l o r o e t h e t e — 
b e n z e n e — 
4 - m e t h y l - 2 - p e i t a n o n e — 
t e t r a c h l o r o e t t e n e — 
t o l u e n e — 
e t h y l b e n z e n e — 
t o t a l x y l e n e s — 

T o t a l V o l a t i l e O r g a n i c s — 

T o t a l T e n t a t i i r e l y I d e n t i f i e d 
V o l a t i l e O r g a i i c s — 

S e m i v o l a t i l e O r g a n i c s 
p h e n o l — 
; - c h l a r o p h a n o I — 
2-iaat l iy I p h e n o I — 
4 - m e t h y l p h e n o l — 
i s o p h o r o n e 
2 , 4 - d i m e t h y l p a « n o l 
1 , 2 , 4 - t r i c h l o r o b e n z e n e 
n a p t h a l e n a 
2 - m e t f a y l n a p t b i l e n e 
d i m e t h y l p h t b i l a t e 
a c e n a p h t h y l e n e 
a c e n a p h t h e n e 
d i b e n z o f u r a n 
f l u o r e n e 
t f - n i t r o s o d i ( 4 i a a y l a m i i M 
p e n t a c h l o ropli l o o l 
p h e n a n t h r e n e 
a n t h r a c e n e 
d i - n - b t ! t y l p h t b a l a t e 
f l u o r a n t h e n e 
j j y r e n e 
b u t y l b < ! . n z y l t * i t h B l a t e 
l>enzo(« ) a n t h c a c c n e 
b i s ( 2 - » t h y l h i e ) t y l I p h t h a l a t e 
c h r y s e r i e 
d i - n - o f t y l p f i t h a l a t e 
l>enzo(l:i|,k )f l u o r a n t h e n e 
l>enzo(* ) p / r e r e 
i n d e n o l 1 , 2 , 5 - c d ) p y r e n e 

d i b e n z o ( a , h ] a n t h r a c e n e 
l}enzo(g , h , i } { « r y l e n e 

T o t a l ! ; e m l v o l a t i l e O r g a n i c s 

T o t a l T e n t a t i v e l y I d a o t i f i e d 
. ' S e m i v o l a t i l e O r g a n i c s 

8 / 5 / 8 -
120C 

EIW82 
MEPOC? 

8 / 5 / 8 7 -
1220 

EN083 
.•^EPOIO 

8/-5 17 

:3:o 
ES0S4 

KETCH 

I / S / 8 7 
1410 

EN085 
.•EP012 

^ - i , ' ! . ' • • -

i 4 r o 
r : 4 3 4 

(2X.MT5 

140 J 

87 J 
270 J 
170 J 

480 

701 

428 
24<f J 

171 J 

24 

24 

1 ,100 J 

430 J 

87 J 
70 J 

140 J 

34 

34 

140 3 
1.200 B 

1,600 
430 
— 

3 , 1 0 0 
1 ,600 

— 
— 

660 
1 .200 

3,000* ' 
1 ,300 

— 
— 
— 

5 , 3 7 7 

0 , 1 2 0 

— 
2 3 * J 

540 
150 J 
4SJ B 

I . I W 
625 
1?0 J 

5:a 
I TO 

<:o 

1.2:-: 

^- .' 
•-4 

— 
— 

8,8KI 

3 4 . 1 f C 

510 J 
8 , 2 0 0 

6 , 8 0 0 
1 . 5 0 0 J 

— 
9 , 2 0 0 
9 , 3 0 0 

— 
6 , 0 0 0 

590 -' 
7,OOC 

8 ,60C-
5 , i o : 

3,60C -' 
1,70C J 
3,IOC J 

7 2 , 7 3 0 

3 0 , 9 0 0 

82 J 

— 

710 
230 J 

— 
1.500 

S40 

— 
•«10 

: .3oo 
^80 

: . «oo'' 
<20 

— 
— 

262 J 

8 . 1 3 1 

1 6 , 9 3 0 

— 
— 

150 J 
48 3 

— 
340 .: 
180 -

— 
93 : 

270 --
140 .-

2 ^ ^ -
96 .-
— 
— 
— 

1 , 5 8 7 

1 0 . 4 9 0 

2 

13 

— 
— 

7 X 3 
85 J 

— 
540 
290 J 

— 
210 J 
240 J 
250 J 

:50 J 
— 
— 
67 J 

, 547 

.340 
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Table 4-9 (Cocit.) 

Sample Colleciion Information 
and Parameters DS13 

Saaple Number 
3S15 Ds:s DS17 DSI8 

C a t e 12 1 / 8 7 1 2 / 1 . 1 ' 
Time 1115 l i r i 
CLP O r c a n i c T r a f f i c S e p o r t Ruaber I q 7 7 1 E S D : : 
CLP I n o r g a n i c T r a f f i c R e p o r t Kimber j e a 9 7 0 M E : ^ ^ 

• - / a r i C r / i 5 / 1 7 
120C 1130 

53002 Ey~!a 
! : Q 9 7 « K E ? . 4 : 7 

i 19/<J8 
1015 

EX129 
.•<EX232 

V I J / T J T 

1045 
EX130 

ME3C685 

130 

0 . 7 B.r 
26 

Comp-jund D e t e - r t e d 
(val ' . ies i n / / g ^ g ) 

V o l a t i l e O r g a l i e s 
methi,- lene c h l j r i d e 
a c e t o n e 
1 , 1 — d i c h l o r o e :J iane 
1 , 2 - d i c h l o r o e ^hene ( t o t a l ) 
c h l o r o f o r m 
2—butanone 
1 , 1 , 1 - t r i c h l o r o e t h a i M — — 
t r i c f a l o r o e t h e i e — — 
b e n z e n e — — 
4 - » e t h y l - 2 - p e i t a n o n e — — 
t e t r a c h l o r o e t i e n e — — 
t o l u e n e 13 B ~ 
e t h j ' l b e n z e n e — — 
t o t a l x y l e n e s — — 

T o t a l V o l a t i l i O r g a n i c s 1 6 9 . 7 e 

T o t a l T e n t a t i v e l y I d e o t i f i e d 
V o l a t i l e O r g a i i c s 2 8 111 

S e m i v o l a t i l e O r g a n i c s 
p h e n o l 
2-cfa.lo r o p h a o o 1 
2- iBethylph«M>t 
4 - i B e t h y l p h M o l 
i s o p h o r o n e 
2 , 4 - d i m e t h y l p f » e n o l 
1 , 2 , 4 - t r i c h l o r o b e n z e o e 
n a p t h a l e n e 
2 - iae thy I n a p t h • 1 e n e 
d i m e t h y l p h t h a l a t e 
a c e o a p h t h y l e n • 
a c e n a p h t h e n e 
d i b e n z o f u r a n 
f l u o r e n e 
H - n i t r o s o d i p t i t n y l a 
p c n t a c h l o r o p l i ( o o l 
{ iheoan th ra tM 
a n t h r a c e n e 
d i - n - b d t y l p h t h a l a t e 
f l u o r a n t h e n e 
IJ^'rene 
l3Ut>-lb<nzylp)h t h a i a t e 
l>enzo(a ) a n t h r a c e n e 
b i s ( 2 - « t h y l h i e x y l ) p h c h e l a t e 
<rhr>'S«rie 
d i -n -o< : t y l p ^ l t h a l a t • 
l>enio(l:>lk )f l u o r a n t h e c e 
l ) en io (< j p y r e r e 
ind»no l 1 , 2 , 3 - c d ) p > ' r e n e 

d l b e n z o ( a , h l i n t h r a c c D e 
) > e n x o ( g , h , i ] { e r y l e o e 

T o t a l S e m i v o l a t i l e O r g a n i c s 

2 . 4 1 0 J 
l .STO J 

310 J 

IC E 
16© 
' « 

6 J 

o.« K; 
43 
24 
C 

3 3 
3 1 

19<D E 

rs 

17*0 

7 6 7 . « 

» 

5 J 

0 . 5 J 

a J 

1 3 . 5 

4 , 9 « 0 
2 , 2 « » 3 

— 
— 
— 

5 7 0 3 
1 , 3 0 0 r 

9 , 7 0 C 

— 

2 , 8 0 0 r 
1 , 2 0 0 .-

2 . 2 0 0 .-

3.34K) J 

1 , 0 7 0 

1 .210 
570 

l . « 0 
l . M O 
2, :?io 

1,<T0 
z t . z m 

2 . MO 

5.^10 
- - / i n 

r . ^To 

3 . ?ao 

3 9 . - ^ 

J 
J 
J 
J 
J 

3 

J 

J 
J 
J 

J 

1 . 3 m 
2 . 1 M J 

— 
6,5<ro 
a . i a n • 

4.0CC r 
: ; . o c T 

5 . l o e 

- : . : < : ' : 
; , 21- : 

- . 7 ^ ' : --

3 . » « » J 

7 7 , 2 W 

300 J 

390 J 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
S e m i v o l a t i l e O r g a n i c s 7 4 , 0 0 0 C 3 . t a 0 5 3 , 0 9 0 

590 

1 2 . 8 0 0 

22,370 

3 3 . 9 7 0 

430 
27 J 

270 

550 

88 
1 ,200 

930 
34 

480 

4 , 0 0 9 

54 J 

— 
•— 
— 
— 

300 J 

— 

490 J 
540 J 

. . 
170 J 
270 3 
200 J 

2 , 1 0 0 
370 J 
190 BJ 

3 , 0 0 0 
2 , 6 0 0 

1 ,500 J 
1 ,600 
1 ,400 J 

3,30C 
1,300 J 
1 ,200 J 

64C J 
1 ,200 J 

950 
66 J 

1 .400 
2 . 0 0 0 

110 J 
1 .100 

650 J 
450 J 

160 J 
680 J 
480 J 
790 3 

7 . 3 0 0 
1 .400 

350 BJ 
1 0 . 0 0 0 

9 , 3 0 0 

5 .000 
4 , 5 0 0 
4 , 5 0 0 

1 0 , 3 0 0 
< ,900 
3 ,600 
1,200 
3 , 7 0 0 

7 4 , 8 8 6 

4 6 , 4 6 0 
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T a b l e 4 - 9 ( C o n t . ) 

. ; a . iv le C o l l e c t i o n I n f o r m a t i o n 
i r d P a r a m e t e r s 

P a t t i c i d e a / P C B s 
j l p b a - a H C 
. C d r i n 
D i * l d r i n 
l - 4 ' -DOE 
E: rdosu l fan I I 
4 ,< ' -OOD 
< , * ' - D O r 
Eri^.rin k e t o n e 
ClLl.ordane 
.MTxrlor 1 2 4 2 
AjT)clor 1 2 4 8 
M-ac lo r 1254 
k j t i c l o r 1 2 6 0 

DSCl OS02 

16 ,010 

3 6 . OCO 
5 0 . 0 0 0 

6 2 0 

800 
300 

S a a p l e Number 
DS03 CSCi4 DS05 

1 , 0 0 0 
200 

400 

470 
500 

— 1 8 . 0 0 0 

2 2 , 0 0 0 
1 7 , 0 0 0 

DGOf 

140 

8 ,100 

5.200 
4.300 

r c t a l PCBs 
T o t a l P e s t i c l d e s / P C B s 

8 6 , 0 0 0 
1 0 2 , 0 0 0 

i . l O O 
1 . 7 2 0 

1 , 2 0 0 
1 , 2 0 0 870 

3 9 . 0 0 0 
5 7 . 5 0 0 

9 . 5 0 0 
1 7 . 7 4 0 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
P « - s t i c l d e s / P C B s 

toialyte D e t e c t e d 
( ^ ^ a ^ e s i n »g/l<g 
a l t i a i n u a 
t i r t imony 
a i - s e n i c 
tx i r i ta 
iM-ryll l u n 
c<.diam 
m l d u r n 
d i r o a d u a 
c t f c a l t 
c t f p e r 
i i -oa 
l « a d 
mi>gnn.aluB 
u e a ^ a i M s e 
mtrrcnry 
a i . dce l 
p t ! t a s s i u m 
soXeoluai 
s i J . « e r 
stxUoi 
t i J i 
vtoadiua 
tiJtc 
o - a n i d a 

1 9 . 4 0 0 4 . 0 9 0 8 . 3 1 0 8.040 1 0 , 4 0 0 8,440 

19 
377 
2 . 8 

63 
1 1 7 . 0 0 0 

398 
16 

6 , 4 5 0 
5 0 , 8 0 0 

1,030 
2 3 , 9 0 0 

6 . 2 3 0 
1-3 
315 

1 ,220 

5 . 3 
9S« 
U S 

B 

E J 

B 

J R 
B 

B 
B 

152 J * 
2 , 1 0 0 

9 . 7 

27 

S< 

7 

I 
I 

2 

24 
3 8 7 

— 
3 . 9 

. 7 0 0 
6 7 4 

2 0 
9 4 2 

. 2 0 0 
1 9 5 

, 1 5 0 
, 6 0 0 
0 . 1 9 
, 6 1 0 
3 7 8 

— 
2 3 
6 0 

7 3 « 

— 

E J 

J i : 
B 

J * 

4 1 

26 

1 5 
1 

( 

1 

9 . 1 
598 
1 .2 B 
4 . 9 

, 6 0 0 CJ 
74 
12 B " 

271 
, 9 0 0 

1 8 5 
. 6 0 0 
. 0 8 0 
» . 4 1 
122 JN 

. ISO B 

_ 
— 
I S B 
3 1 J * 

293 

— 

12 
342 
5 . 1 
8 . 9 

2 7 , 8 0 0 
32 

7 . 1 
89 

2 9 . 8 0 0 
259 

2 , 3 4 0 
1 ,170 

0 . 1 5 
30 

1 ,660 

4 . 7 
8 4 1 

20 
38 

1 , 1 7 0 
0 . 7 9 

EJ 

B 

B 

JR 
B 

B 
B 
B 
J * 

6 ) 

36 
1 

26 

1 

2 

140 
792 
0 . 8 B 
7 . 2 

, 4 0 0 
313 

10 B 
202 

, 6 0 0 
, 4 6 0 
, 6 0 0 J * 
8S9 JR 

0 . 4 7 
64 

, 4 2 0 B 

2 . 7 BRJ 

— 
40 
34 

737 

— 

14 
301 

0 . 8 1 B 
8 . 1 

8 4 , 5 0 0 
408 
8 .9 8 
160 

3 0 , 5 0 0 
1.020 

3 5 , 6 0 0 J * 
1 .940 JR 

0 . 9 3 
56 

1,720 B 

... 
— 
30 
36 

88S 
3 .9 

T r t a l I n o r g a n i c s 2 3 0 . 6 4 2 . 1 1 0 2 . 8 0 4 . 0 9 9 6 . 2 5 6 . 6 1 7 3 . 6 6 9 . 7 4 1 4 4 , 0 8 2 . 1 7 1 6 5 , 6 3 2 . 6 4 
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l a b i a 4 - 9 ( C o n t . ) 

Saivple C o l l e c t i c n I n f o r m a t i o c 
anii P a r a m e t e r s DS07 nso8 

Sample i tumber 
DS09 DSIC : i S l l DS12 

F e : 3 t i c i d e s / P C B s 
al ;Jha-6HC 
? I d r i n 
t i ' J l d r i n 
4 - l ' - B O E 
E n l o s u l f a n I I 
4 , I '-OOD 
4 , > ' - 0 O T 
E n d r i n k e t o n e 
C h l o r d a n e 
Aj:>clor 1242 
f r > c l o z 1248 
f x y c l o t 1254 
JX'>clor 1260 

77 

€ 4 0 

220 
880 

110 

1 ,800 

770 
1 ,000 

220 

2 , 6 0 0 
800 

2,200 

3 , 0 0 0 
7 , 6 0 0 7,700 1 5 , 0 0 0 

l o t a l PCBs 
1 'o t a l P e s t i d d a i / T C B s 

l o t a l T e n t a t i v e l y I d e n t i f i e d 
l e s t i c i d e s / P C B s 

1 , 1 0 0 
1 , « 1 7 

1 ,770 
3 . 6 8 0 

1 0 . 6 0 0 
1 6 . 4 2 0 

7,700 
7,700 

1 3 , 0 0 0 
1 5 , 0 0 0 SO 

A n a l y t e D e t e c t e < l 
( v a l u e s i n m g / k c 
a I ' l a i n u a 
a n t i m o n y 
a r s e n i c 
t>ariom 
b e r y l l i u m 
cad ium 
c a Ldum 
c h r o a i u a 
<«l>al t 
c o p p e r 
i r o n 
l e a d 
• la ' jDes lua 
i ia]39anese 
i i e r c u r y 
r l c k e l 
l o t a x a i u m 
i • l a a i u a 
a l t v e c 
lO-llOB 
t i n 
^'•.'IMdlUM 
l i n e 
( y t n i d a 

r o t a l I n o r g a n l c i . 

5 , 2 6 0 8,790 1 3 , 7 0 0 1 5 , 5 0 0 1 2 , 5 0 0 l l , 5 0 e 

1 1 
2 0 3 

0 . 6 1 a 
2 . 8 

1 4 7 , 0 0 0 
3 8 0 
C . « B 
114 

3 9 , 8 0 0 
3 4 3 

6 6 . 4 0 0 
6 . 4 0 0 

0 . 3 8 
32 

1 , 0 3 0 B 

— 
— 

20 B 

sc 
<24 

— 

119 

49 

4 7 
7 

1 

11 
167 
1.2 
3 . 5 

, 0 0 0 
411 

— 
8S 

, 6 0 0 
303 

. 7 0 0 

.900 

— 
46 

. « 0 

— 
— 

... 
«• 

• 7 3 

— 

8 

J * 
JR 

B 

29 
1 , 4 4 0 

1 
13 

3 0 , 0 0 0 
6 2 6 

s 

8 

U B 
1 9 9 

4 0 , 9 0 0 
2 , 6 0 0 

1 4 . 6 0 0 
4 4 7 

0 . 9 4 
60 

3 , 2 0 0 
3 . 2 
4 . S 

44 
36 

1 , 4 M 
8 . 9 

J* 
3 1 

JB 
BKT 

11 
273 

0 . 6 8 

— 
4 8 , 4 0 0 

25 

B 

6 . 0 B 
55 

2 5 , 1 0 0 
117 

1 6 , 0 0 0 
530 

0 . 1 8 
29 

2 , 3 1 0 

— 
— 

..._ 
27 

206 

— 

J * 
JR 

B 

B 

SS 

24 

2S 

3 

9 . 4 
6 5 

0 . 8 

— 
, 5 0 0 

22 
1 1 
32 

, 1 0 0 
27 

, 5 0 0 
4 1 7 
0 . 2 

33 
, 1 1 0 

— 
— 

. ^ 
2 7 
f 2 

— 

B 
8 

B 

J * 
JX 

B 

23 -^s 
68 B 

0 . 6 5 B 

— 
5 6 , 1 0 8 

21 
14 B 
33 

2 2 , 9 0 8 
18 

2 4 , 0 0 0 J * 
449 JR 

— 
33 

2 , 7 3 8 B 

— 
— 

2 ( B 

a 
— 

2 f 7 , 6 8 3 . 3 9 2 3 6 . 3 6 8 . 7 1 0 9 , 3 7 4 . 5 4 1 0 8 , 6 7 0 . 6 6 1 2 5 . 4 4 6 . 4 1 1 7 , 9 9 8 . € 1 
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Table 4-9 (Cont . ) 

:vaj^le C o l l e c t i o n Informat ion 
.ird Parameters D513 DS14 

Sample Nunber 
DSlS 0S16 nsn 0518 

'.?* s t i c ides /PCBs 
'ill)ha-SHC 
.VJdrin 
Oje ldr in 
1-4'-ODE 
CTidosulfan I I 
«,4 ' -C0D 
«,4'-ocrr 
:Eridrin ke tone 
'Silordane 
.Moclor 1242 
.kioclor 1248 
.Moclor 1254 
.^Ioclor 1260 

2,400 
5,500 

— 
7,600 
6,100 

13,000 

32,000 

— 
1,800 

— 
2,600 
2,200 

4,400 

17.200 
— 

1 

8 

— 
— 
— 
— 
— 

300 

400 

— 

— 
— 
— 
— 

76 
66 

— 

— 
— 
1?C 

— 
— 

31 J 
180 J 

4.0O0 

— 
— 
67 

— 
— 

300 

110 J 
2.700 

— 33.000 2,500 

T c t a l PCBs 
T o t j l Pes t i c idas /PCBs 

r c t i l T e n t a t i r e l y I d e n t i f i e d 
p«>sticides/PCBa 

•Itfialyte Detec ted 
(<'aloes i a mg/Vg 
aluaainum 
antimony 
ai 'seoic 
ItMirlta 
lo«irylliu«i 
ca id i t a 
caildnm 
cturoa lua 
CClbBlt 
copper 
ll'OO 
lead 
•ngnesima 
•ain9anese 
Mrrcnry 
Bj.ckel 
pcitesalua 
selenium 
• l i v e r 
s o d i o i 
t i J t 
raaadiiDi 
• JJIC 
qranide 

Ti9tal Inorgan ics 

66.600 28,200 9,700 142 
37,000 
37.341 

488 8 895 B 202 B 

5.200 
5,677 

9,200 

— 
6.5 
122 
0.86 
1.7 

99,700 
653 
14.6 
114 

51,400 
235 

67,000 
5,220 
0.3 
90.9 
408 
— 

* 

* 
E 
B 

E* 

R 
E 
E 

E* 

E 
EB 

11.700 
9.5 
18.8 
233 
2.0 
2.9 

118.0(>0 
708 
9.3 
149 

66,300 
566 

63,700 
3,620 

— 
86.7 
962 
— 

* 
BR 
s* 
E 

E* 
B 
H 
E 
E 

E* 

E 
EB 

20.500 • 

— 
23.1 s* 
384 E 
4.1 
25.1 

123,00.0 
269 E* 
7.5 8 
147 N 

22.100 E 
492 E 

11,200 
4,080 E* 
0.3 
46.3 E 
2.160 E 
11.3 N4̂  

7.810 

— 
6.3 
69 
— 
— 

52.300 
18 
10 
35 

20.300 
24 

22.600 
397 
— 
32 

1,540 

— 

BJ 
8 

B 

J* 
JX 

B 

lO.lOO 

— 
9.3 
148 

— 
— 

30,400 
22 • 
S J B 
30 

21.20(1 
lot 

12.500 
403 t r 
— 
3t 

1,630 

— 

9.000 

— 
10 
237 

— 
3.2 

59,200 
36 • 
8.8 B 
86 

24.400 
272 

19,200 
584 H* 
0.68 
29 

1,230 8 
— 

416 B 

142 E 104 E 23.0 E 17 
312 C 546 E 639 E 109 
0.74 N* 2.0 R* 14.7 R* — 

21.6 267.207.2 186,021.4 105,267.3 

B 34 

i n • 
— 

76.989.4 115 

23 
439 • 
— 

174.68 

— *ot <leteci:«d. 
1} , Deteijted fc r benzo(b)f luoranthene on ly . 
Ic Deterrted f.(r benzo(k)f luoranthene on ly . 
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Table 4-9 (Cont.) 

C-CMPtJUNt) 

CCRLIFIERS tCriHITION 

Indicates an estimated value. 
This 'lac is—used .vhen the compound, is 
fcurd in the associated blank as veil as 
io tJse saaple. It indicates possible/ 
pro^^ble blank contamination and warns 
the data user to take appropriate action. 

INTEFPRErATION 

Compound value auy be semiquantitative. 
Compound value »ay be semiquantitative i t 
it is <5x tlie blank cortcestratioc HlOx 
the blank concentrations for comion 
laboratory artifacts: phthalates, methylene 
chloride, acetcxte, tolueoe, 2-bu;anone). 

C'-XLIFIERS DCriNITION 

Estiawted or not reported due to interfer
ence. See laboratory narrative. 
Analysis by Method of Standard Additions. 
Spike recoveries outside QC protocols, 
y t i i da Indicates a possible matrix problem. 
Data may be biased high or low. See spike 
results and laboratory narrative. 
Duplicate value outside QC protocols whic:h 
indicates a possible awtriz problem. 
Correlation coefficient for standard 
additions is less than 0.995. See review 
and laboratory narrative. 
Valoe is real, but is above instnawnt DL 
and below OtlX,. 

Valoe is above CXOL and is an estiauted 
val-je because of a QC protocol. 

INTERPRETXnoN 

Analyte or element was not detected, or 
value may be seauquantitative. 
Value is cjuantitative. 
Value auy be quantitatii^ or semi
quantitative. 

Value may be cjuantitative or semi
quantitative. 
Data value may be biased. 

Value awy be quantltati-oe or semi
quantitative. 
Value may be semiquantitative. 

Th'» following revisions were made in this table to the qualifiers that appear in the organic aad inorganic 
analytical data slieets. Soata samples were aaalyzed under an older Statement of Work (SOW). Qoalifiers used 
in this table reflect qualifier us«9c under tbe current SOW. 

01.J 

i: i 
R 

8 
• 

Soijrce: Ecology a:id Cnrlrocaient, I n c . 1990. 
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SOURCE: Ecology and Environment, Inc. 19 so. 

NOTE: CONCENTRATIONS IN mgAq. 

VOC 
SV 
PEST 
PCB 

sc<kLe 
200 300 

LEQEND 
NOT DETECTED 
TOTAL VOLATILE ORGANIC COMPOUNDS 
TOTAL SEMIVOLATILE ORGANIC COMPOUNDS 
TOTAL PESTICIDES 
TOTAL PCBS 

RGURE 4-21 OSTRBUnONANO 
CONCamtATXlN OFORGAhaC 
COtlPOUNDS N DISCRETE 
SCO. SAMPLES 
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16,000 Mg/kg bis(2-ethylhexyl)phthalate in DSOI. Bis(2-ethylhexyl)-

phthala :e vas detected in 17 discrete samples making it the most 

frequer.;ly detected phthalate. 

Phenols vere detected in 1 discrete surface soil samples. Sample 

I)S18 ccntained the Invest concentration at 66 ug/kg 2-^chl6fopfienol and 

the highest at 2,000 JJg/kg 4-methylphenol. 

The remaining semivolatile concentrations ranged fron 44 ug/kg 

dibenzofuran (aromatic) in DS03 to 3,100 ug/kg isophorone (hydrocarbon) 

in DS06. 

Pesticides. Pesticides vere reported in 15 samples ranging in 

concentration from 31 yg/kg Endrin ketone in DS17 to 32,000 ug/kg 

Chlordane in DS13. Chlordane vas found in 12 samples, making it the 

most frequently detected pesticide. Sample DS13 contained 6 different 

pesticides vith concentrations ranging from 2,400 ug/kg alpha-BHC to 

32,000 Mg/kg Chlordane. 

PCBs. PCBs vere detected in 12 discrete surface soil samples, of 

vhich DSOI contained the highest PCB concentration at 50,000 ug/kg 

Aroclor 1254. The lovest PCB concent'ratlon vas 200 ug/kg Aroclor 1260 

in sample DS03. The most frequ^itly detected FOB vas Aroclor 1254, 

vhich V3S present in 10 sanples. Total PCBs ranged from 1,100 ug/kg in 

DS02 ani DS07 to 86,000 ug/kg in DSOI. 

TIi^s. Seventeen of the eighteen discrete surface soil samples con

tained TICs. A total of 25 volatile and 308 semivolatile TIC coapounds 

vere id<>ntified in the discrete surface soils. The majority of the TICs 

vere unlcnovn compounds and hydrocarbons. Unknovn compounds included 

ketones, alcohols, aldehydes, acids, PAHs, phthalates, and aphthalic 

anhydride. Specifically, identified compounds include alkyl benzenes, 

brancheil alkanes, bromohexane, cyclohexanone. and 3,3,5-trimethyl. 

Several samples contained alkyl and benzo PAEs such as benzo pyrene, 

berizofluoranthene, dimethyl naphthalene, and methyl anthracene. The 

only sample vith no identified TICs vas DSOI. 
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Inorganics. Analytical results of inorganic analytes detected by 

TAL analysis of discrete surface soil samples are presented in Table 

4-9. Figure 4-22 presents the distribution of detected concentrations 

of selt!Cted inorganic analytes. Table 4-10 illustrates typical aralyte 

concentrations in soils (Boven 1979) compared to analyte'concentreCionis" 

detected in discrete surface soil samples at the U.S. Scrap site. 

T/.L analyte analysis indicated the presence of anthropogenic 

constituents as veil as common soil constituents. Constituents detected 

in discrete surface soil samples at the U.S. Scrap site that are con-

siderec potentially to be of anthropogenic origin include arsenic, 

cadmium, chromium, lead, mercury, and cyanide. All eighteen discrete 

samples contained lead and chromium. Concentrations of lead ranged fron 

18 mg/kg in DS12 to 2,600 mg/kg in DS09. Eight samples exceeded the 

upper lange limit for lead of 300 mg/kg for typical soils. The median 

concentration for lead at the U.S. Scrap site exceeded the typical 

median in soils by 230.5 mg/kg (759Z). Chromium vas detected in con

centrations ranging from 18 mg/kg in DS16 to 708 mg/kg in DS14. Ihe 

median concentration at the U.S. Scrap site exceeded the typical nedian 

in soils by 221 mg/kg (416)!f) for chromium, but no concentrations v e r e 

detected that exceeded the upper limit of the range in soils. Cadnium 

vas detected in thirteen samples vith concentrations ranging from 1.7 

mg/kg in DS13 to 63 mg/kg in DSOI. Tvelve of these samples had csa-

centrations exceeding the typical range in soils. The median cadmium 

concentration at the U.S. Scrap site exceeded the typical median 

concentration in soils by 4.55 mg/kg (1,4002). Eighteen saitples 

contained arsenic vith concentrations ranging from 6.3 mg/kg in DSI6 to 

29 mg/kg in DS09. The median concentration of 11 mg/kg for soils 

collected at the U.S. Scrap site exceeded the median concentratioa for 

arsenic in typical soils by 5 mg/kg (183%). Thirteen samples contained 

mercury in concentrations ranging from 0.15 mg/kg in DS04 to 1.3 ng/kg 

in DSOL. Four samples contained concentrations above the upper rsnge 

limit in typical soils. The median concentration of 0.38 ng/kg fcr 

mercury in soils collected at the U.S. Scrap site exceeded the mecian 

concentration in typical soils by 0.32 mg/kg (633%). Seven samples 

contained cyanide in concentrations ranging from 0.74 mg/kg in DSI13 to 
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SOURCE: Ecology and Eiwlronmant, Inc. 1990. 

NOTE: CONCENTRATIONS IN mgAig (ppm). »_ 

Sb 
As 
Cd 

SCALE 
!00 IOC 300 

LEGEND 
NOT DETECTED 
ANTIMONY 
ARSENIC 
CADMIUM 

Cr 
Pb 
Hg 
M 
CN 

<00 30u r££ 

CHROMIUM 
LEAD 
MERCURY 
NICKEL 
CYANIDE 

FIQURE 4-22 DGTRSUnONAM) 
CONCSnRATION OF SaECTED 
ANALYTES IN DISCRETE SOIL 
SAMPLES 
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Table 4-10 

-TYPICAL CONCESmATIONS OF ANALVTES IK SOILS 

TTRSus coNCEjrnuknoNS DETECTED I N Diso t r r c S O I L 
SAKPIXS COLLECTED AT THE U.S. SCRAP SITE 

Analyte Typi cal Range in 

Soj la (median) 

(BgA9) 

Range in U.S. Scrap 

D i s c r e t e Sanples (median) 

(mg/kg) 

Nunber of Samples 

Containing Analyte 

Koiber of Sanples Exceedirjx 

tbe Upper l i m i t of Typical 

Soil R a n ^ 

e lua inun 10.000-300,000(71.000) 

antimony .20 -10 (1 .0 ) 

a r s e n i c . 10 -40 (6 .0 ) 

barium IOC-3,000(SOO) 

berylLluii .C l -40(1 .80) 

caAdum . C l - 2 . 0 ( . 3 5 ) 

calcium 700-!00,000(15,000) 

cbToalum 5.0-500(70) 

coba l t . 05 -«5 (8 .0 ) 

copper : . 0-250(30) 

i ron 2,000-550,000(40,0001 

lead : . 0 -300 (35 ) 

magaesiuii 400-9,000(5,000) 

•aogeneso 20-10,000(1,000) 

• s r c o i y . O l - . 5 0 ( . 0 < ) 

n l e t e l 2 .0-750(40) 

po ta s s lmi (0-37 ,000 (14,000) 

ae l eo iue . 0 1 - 1 . 2 ( . 4 0 ) 

8il*>er . a i - a . 0 ( . O 5 ) 

BodiQa 150-25,000(5,000) 

t l s . 10 -200(4 .0 ) 

vraadiuB 3.0-5000(90) 

s l a c 1.0-900(90) 

cyas ide U 

4,090-20,500(9,650) 

9.5 

6 .3-29(11.0) 

65-1,440(225) 

. 6 1 - 5 . 1 ( . 9 3 ) 

1.7-<3(4.9) 

27,700-147.000(59,350) 

18-708(291) 

6.6-28(10) 

30-<,450(114) 

20,300-66,300(30,150) 

18-2,600(265.5) 

2,340-67,000(20,900) 

397-7 ,900(1 ,125) . 

. 15 -1 .3{ .38) 

29-2 ,610(46.15) 

378-3,200(1,620) 

3 .2 -11 .3 (7 .25) 

2 . 7 - 5 . 3 ( 4 . 6 ) 

202-958(664.5) 

15-115(23) 

17-152(35) 

63-2.180(585) 

. 74 -14 .7 (3 .9 ) 

18 

2 

18 

18 

14 

13 

18 

18 

17 

18 

18 

18 

18 

18 

13 

18 

18 

2 

4 

6 

8 

18 

18 

7 

0 

0 

0 

0 

0 

12 

0 

0 

0 

3 

0 

8 

16 

0 

4 

1 

0 

2 

0 

1 

0 

0 

3 

u 

O Staavailahle 

Socrce: Botien 1979. 
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14.7 mg/kg in DS15. No information vas available on typical cyanide 

concentrations in soils. 

Discussion; 

Organics. Results of TCL analysis of discfete"surfJace¥bir"samples 

DSOI through DS12 indicated videspread orgsinic contamination of surface 

soils outside the perimeter fence of the U.S- Scrap site. Semi-

volatiles, particularly PAHs, and PCBs constituted the highest 

concentrations detected. DSlS contained the highest concentration of 

semivolatiles, vhich vas comparable to concentrations in on-site dis

crete samples near the vaste lagoon. The greatest nusber of semi-

volatile coapounds vas detected in DSlS, vhich vas collected from a 

leachate area'yest.of the .C i W l Railroad right-of-vay euid east of the 

MSD vetland ponds. Generally, hovever, semivolatile compounds occurred 

in higher concentrations in areas off-site that parallel the eastern and 

southern perimeter of the site. Because these off-site areas are topo

graphic lov points according to site survey results, it is believed that 

contaminated surface nmoff from the U.S. Scrap site has accumulated in 

these locations. Any overflov from the drainage ditch and lagoon lo

cated along the eastern border of the' site vould also collect in these 

areas. Because the access road that currently rtms along the vest side 

of the AST) settling ponds north to Cottage Grove Avenue had not been 

complet<3d at the time of FIT sampling, this road could not have been a 

source of conteuBination of the areas east of tbe site. Dispersion of 

contaminated surface soils by the vind may also account for a portion of 

off-sit)i migration of contaminants in this area. Semivolatile concen

tration:; from samples located south and east of the site perimeter vere 

compara))le to concentrations found in on-site composite samples. No 

runoff ::roii the MSD settling ponds east of the site vas found or vas 

believed to have floved onto the U.S. Scrap site. Very limited off-site 

migration of semivolatiles appears to hare occurred on the vestern 

border of the site, except for the migration of semivolatiles through 

leachat:<;s. 

ECU contamination of off-site surface soils is relatively vide

spread :Ln all directions. The most frequently detected PCBs vere 

Aroclor 1254 and Aroclor 1260. High PCB concentrations vere detected in 
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DSOI, 1)S05, DS09, and DSll. DSOI had the highest PCB concentration but, 

becausi> this sample is located rsar the road, the high levels may be 

attributable to spills or discharges along the roadvay. Concentrations 

in DS09 vere comparable to PCB concentrations in on-site composite 

sample'CS06i DS04 "and DSl2, located "southvest of tlie site, are the onTy 

off-si le samples not containing PCBs- Off-site contamination in this 

area is minimal vith the exception of relatively high semivolatile 

concern:rations in DS04. 

Chlordane and 4,4'-DDD vere the nost comnonly represented pesti

cides in off-site discrete surface soil samples. The highest concen-

tratioTis vere detected primarily in lov areas off-site paralleling the 

easterr; and southern site borders. DSOI and OS05 contained particularly 

high pesticide concentrations. High concentrations in DSOI may be 

attributable to spills or discharge along the roadvay. On-site 

composite samples from the general area do not exhibit the same high 

levels. High concentrations in DS05 are probably attributable to the 

sample containing a higher percentage of oily residue. In general, 

pesticide concentrations in discrete surface soil samples outside the 

eastern border of the site are comparable to on-site composite samples. 

Pesticides vere absent or in very loV concentrations in off-site 

discrete seunples outside the vestern perimeter of tbe site. 

VOCs detected in off-site discrete samples DSOI through DS12 vere 

limited, and detected compounds are most likely attributable to 

laboratory contamination. DS05, vhich vas collected in an area vhere 

accumulated oily vaste vas observed at the surface, contained the 

highest VOC concentration. 

Results of TCL analysis of leachate samples indicated high 

concentrations of semivolatiles and PCBs in DS17 and DSlS and lov 

concentrations of semivolatiles in DS16. Semivolatiles consisted 

primarily of PAHs in these three samples and also of phenols in DS18. 

Aroclor 1254 vas the only PCB detected in DS17 and DSlS. Sample DS16 

contained no PCBs. Pesticide concentration in all 3 leachate samples 

was; reliitively lov. Sample DS16 contained 4,^'-DDD and 4,4'-DDT, DS17 

coritainijd Chlordane, and DSIB contained 4,4'-DDT and Chlordane. VOC 

concent::ations vere lov in DS16 and none vere reported for DS17. Sample 

DSlS, hovever, contained a large number of compounds and constituted the 
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highest concentration of VOCs detected in off-site surface soils. 

Leachate activity vas observed to be much more extensive in the spring 

of 198(3 than in the fall of 1987. 

Discrete surface soil samples DS13, DS14, and DS15 vere collected 

on-siti; ffonTtvo^areas. SamplY DS13 vas collected" from a topographi

cally lov area near the loading dock, and TCL analysis of this sample 

indica :ed high concentrations of semivolatiles cind pesticides, lov 

concen:rations of VOCs, and no PCBs. Samples DS14 and DS15 vere col

lected adjacent to the lagoon and drainage ditch located along the 

eastern border of the site. TCL analysis of these tvo samples also 

indicated high concentrations of semivolatiles and pesticides, lov 

concentrations of VOCs, and no PCBs- VOCs detected in DS13 and DS14 may 

have b(>en introduced as laboratory contaminants- DS15 contained several 

VOCs vhich vere detected in relatively high concentrations- VOC 

contamination appears to be limited to on-site surface soils, and 

concentrations in on-site discrete samples vere higher than on-site 

composj te samples obtained from the same general area- This variation 

in concentrations may be attributable to the difference betveen com

posite and discrete sampling techniques. Compositing techniques allov 

more time for VOC loss by volatilizat'ion. PAHs vere the most frequently 

detected semivolatiles vith the highest concentrations being reported in 

DS14 and DS15, collected from an area adjacent to the lagoon, vhich had 

an oily, iridescent sheen on the surface of the vater- Fluctuation of 

the vater level in the lagoon appears to have left vaste residue on 

adjacent surface soils. Higher concentrations and a greater number of 

pesticides vere detected in DSlS and DS14. On-site discrete samples 

contained higher pesticide concentrations than on-site composite 

samples. 

All on-site discrete surface soil samples vere collected in lov 

areas where surface vater runoff vas observed to collect. 

Inorganics. TAL analysis of discrete surface soil samples indi-

cat:ed comparable concentrations of inorganic constituents ir on-site and 

ofl:-site samples. High concentrations of lead and cadmium vere detected 

in off-site discrete samples collected outside the eastern and southern 

borders of the site. On-site samples DS14 and DS15 also contained high 
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concentrations of lead and cadmium, as did leachate sample DSlS. Mer

cury was detected in concentrations, exceeding the upper limit typically 

found :.n soils in DSOI, DS06, and DS09, located oitside the eastern 

perine:er of the site. Cyanide vas detected in off-site discrete 

sample:! DS0I,~DS06, DS09," and~DS04,~ibcated south and east of the site, 

and in on-site samples DS13, DS14, and DS15. No association appears to 

exist betveen cyanide detections in discrete Scunples and soil gas 

detect:.ons. 

4.2.2.:i Subsurface Soil Samples 

Results; 

V(»Cs. Volatile organic compounds were detected in all 15 sub-

surf act; soil sauiples._ Fourteen of these samples vere collected fron 

E & E-ins tailed veils; the 15th vas collected from the abandoned veil 

on-sitc!. Table 4-11 summarizes the results of VOC analysis and Figure 

4-23 illustrates the distribution of total VOCs. A total of 21 com

pounds vere detected including compounds considered to be conmon 

laboratory artifacts. Sample SS08 contained the greatest number of 

compourids, vhich vas 14, vith concentrations ranging from 0.002 ug/kg 

vinyl e.cetate to 390 ug/kg methylene 'chloride; Toluene, methylene 

chlorice, and acetone vere the compounds most frequently detected. 

Toluene: vas detected in 13 samples vith concentrations ranging fron 5 

yg/kg in SS04 to 300,000 ug/kg in SSIO. Methylene chloride vas detected 

in 12 samples vith concentrations ranging from 7 Ug/kg in SS12 to 2,400 

Ug/kg in SS05. Ten samples contained acetone in concentrations ranging 

from 0.1 ug/kg In SS07 to 15,000 ug/kg in SSIO. The highest VOC 

concentration vas detected in SSIO vith 300,000 ug/kg of toluene. The 

samples vith the highest total VOC concentrations vere SS13 and SSIO 

vith ccncentrations of 35,141.5 ug/kg, and 511,800 ug/kg, respectively. 

Semivolatiles. Tventy-four compounds were detected in the sub

surface soil samples including compounds considered to be coimon 

laboratory artifacts. Table 4-11 summarizes the results of semivolatile 

analysis. Semivolatiles were detected in 12 of the 15 subsurface soil 

plays, and included detections of 13 PAHs, 5 phthalates, 1 hydrogenated 

amine, 1 hydrocarbon, 1 phenol, 1 halogenated hydrocarbon, 1 aromatic. 
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T a b l e 4 - 1 1 
RESULTS OF CHEMICAL ANALYSIS OF 

FIT-COLLECT : D SUBSURFACE SOIL SAMPLES 

S.erc le Co.'.I••r-lion I n f o r m a t i o n 
a m " a r a m * * - : - ; SSOl SS02 

Sample Nunber 
SS03 SS04 S « 5 SSO«. 

tn-.-f 
T-»» 
CZS Or«an.-.r T r a f f i c S e p o r t Kumber 
CZ; I n o r c a - - r T r a f f : r R e p o r t Nunber 

C.cmootnvd r»et#<:ted 
7 - ^ ^ u e s i r . . -^•Vg) 

P i l i t i l e O r z a i i i c s 

vz=r l c i a l c n i i i ! 
• e r^ r i f l eoe ^ i - L o r i d e 
a o r t o n e 
c a r i o n d i s s l ^ f i . d e 
t r a a s - 1 , 2—dud t l o r o e t & e n e 
c t l a r o f o r m 
1 . > - d i c h l o r = « l i i a n e 
2-bir ta i>aoe 
1 , 1 . 1 - t r i c t l a r o e t h a s j e 

9/17/87 
1030 

EP486 
MEPS14 

9/18/87 
1030 
EP487 

K£:P515 

9/18/87 
1324 
EP48S 

M-iPSie 

9/30/87 
1300 
ENS38 

W:P761 

10/1 S7 
iiao 
DS39 

METT*^ 

:Q/I/87 

1300 
EN540 

.««:P76? 

t n c b l o roe t i Je i le 
l . I . 2 - t r i c h l o r o e t b a a » 

t e - i r a c h l o r a e t l i e o e 

c t l o r o b e o x e E e 
r t ^ K - l b e n s e o e 

t r t i a l x y l « a e a 

T A a l V o l a t i l a O r g a n i c s 

Tccal TeotacdL^ely U n t i f i e d 
'9c>Utlle Ocaaiics 

S e m i v o l a t i l e C r g a n i c a 
: S - s i t r o s o - d : ~c r - d i i p r c p ^ l a a i n e 
i s o p b o r o o e 
2 . 4 - d i a M t l : 5 l p t e o o l 
: 3 i g C b a l e n e 
( - ! : M o r o « n i l i r « 
I mat l iy lnagt fa j l e o e 
' j i a e t f a r l ( i e t u l a t e 
. a o i e p t i t l ^ l e m 
.komtapfatbeae 
<libenzoffvraB 
: n m o r a a a , . . 
l>-«i t r o s e ^ f t M flylaodae 
{ s b m a n t b r e a a 
.»=r:iracet»e 
' i : - Q - b a t y l p f e t J : « l a t e 
f l 3 : ! c a n t b e a > 
r—ene 
r i r r v I b ^ i o T T l ^ t h a l a t * 
^«=ro ( a )a="!:^ri c e n * 
r i5 2—e-JiTl^aoyl ) p f c t 3 a l a t e 
=rr7-sef>» 

^ « c z o ( c . h , i j x r v ' l e o * 

T r t a l -pall t i l e C e g a n i c s 

T r c a l T e o t a t i . t e l y I ^ n t i f i e d 
S a d v o l a t i l e C x g a n i c s 

— 
34 B 

101 B 

— 

19 JB 

— 
8 J 

— 

4 J 

6 J 
190 B 

140 

780 

282 

43 

— 
15 B 

280 B 

— 

3 JB 

— 
— 

— 

2 J 
11 B 

16 

93 

420 

660 

RAF 

— 
22 B 

140 B 

— 

9 B 

— 
— 

— 

2 J 
23 B 

8 

42 

246 

48 

1, 

2, 

280 
540 B 

— 

5 J 

3 J 
190 B 

— 

— 

5 BJ 

65 B 

99 B 

,187 

,110 

— 
2.400 B 

— 
4 J 

29 
290 B 

6 J 

— 

0.9 J 

22 BJ 

— 

— 

2.751.9 

m 

— 
840 B 
160 
6 

15 
31 

0.3 J 
2 J 

0.8 3 
23 B 

0.2 J 

0.4 J 

1.078.7 

357 

99 J 

61 J 

100 J 

350 J 

610 

33 J 

93 J 

28 J 
56 BJ 

39 J 

86 J 

140 J 

226 

3,450 4,850 

2,247 

107,800 

524 

51.000 

27 J 
46 BJ 

22 J 
22 J 

1,200 B 
20 J 

33 J 
110 J 

440 B 

190 J 

39 J 
39 J 

210 BJ 

— 
— 
77 J 

120 BJ 

38 J 

— 
1,300 B 

— 
— 
89 J 

270 BJ 

98 J 

1,*«« 

111.000 
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T a b l e 4 - 1 1 ( C o n t . ) 

.•;ample C o l l « < t i o n I n f o r m a t i o n 
nnd F a i a m e t e r s SS07 

l>«t« 1 0 / 7 / 8 7 
Time 1500 
<ZLP O r g a n i c T r a f f i c R e p o r t Nuaber EN541 
<rLr I n o r g a n i c T r a f f i c R e p o r t KUmber HEP625 

troapound D e t e c t e d 
[ v a l u e ; i n i-z/Vg) 

V o l a t i J e O r c * n i c s 
v i m - 1 c h l o r i d e 
m e t h y l e n e c h l o r i d e 
a c e t o n e 
c a r b o n d i s u l f i d e 
t r a n s - 1 , 2 - d i . c h l o r o e t b e a e 
chloroform 
1.2-di<::hlorot thane 
2—butanone 

1,1,1-t ricfalr roethane 
vinyl acetat< 
trichloroethane 

1,1,2-trichlc roethane 
benxene 
tetrachloroethene 
toluene 

chlorobenzent 
ethylbenzene 
styrene 
t o t a l x y l e n e s 

T o t a l V o l a t i l e O r g a n i c s 

T o t a l T e n t a t i v e l y I d a o t i f i e d 
V o l a t i l e O r q i n l c s 

S e m i v o l a t i l e O r g a n i c s 
]»-ni t r o s o - d i - n - d i p r o p y l a a i n e 
i s o f b o r o n e 
2 , 4 - d i m e t h y l j * i e n o l 
n a p t h a l e n e 
4 - c b l o r o e n i l j n e 
2 -me thy I n a p t l M 1 e n e 
d i m e t h y l p h t l u t l a t e 
a c e t t a p h t b y l e e le 
a c e o a p h t b e o e 
d i b e n z o f u r a n 
f l u o r e n e 
W - o i t r o s o d i p i i e n y l a a i a e 
p h e o a n t h r e f M 
a n t h r a c e n e 
d i - n - b u t y l p h i h a l a t e 
f l iK i ran the r t e 
p y r e n e 
b u t y l b e n r y l 7 < i t h a l a t e 
ben::o (a ) a n t h ' a c e n e 
b i s I 2 - e t f r / l S ( x y l I p h t i a l a t e 
ch r -s«n« 
d i - : i — c - c t y l p ^ r i h a l a t e 
be r j : o ( a )[r.T»iie 
ber-ioC g . h . 3 l | . -* ry len« 

T o t a l S e m i v o l a t i l e O r g a n i c s 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
S e m . i v c l a t i l e O r g a n i c s 

257 

21 J 
62 J 
3 1 J 

13 J 

1 ,381 

3 9 , 6 0 0 

SS08 
Saa(>la Number 

SS09 SSIO S S l l s s i ; 

10/8/87 

1300 
EN542 

.•2:P<26 

10/21/8/ 
1300 

EP989 
MER571 

8/17/8 7 
1240 

EJ490 
MEL039 

10/l<,37 

i:oo 
tir.i6 

MEF<1S 

iw/'ij/8 . 

HOC 
EN78) 

,*tt:R4if 

52 E 
0.1 BJ 

— 

— 
15 E 

0.06 J 
— 
— 

25 S 

— 
— 

2.16 

0 

751 

390 E 
180 S 
10 

1 J 
58 
30 B 

.002 J 
0.9 J 
13 

5 2 
61 3 

0.3 SJ 
1 J 

0.8 3J 

.002 

299 

47 J 
47 J 
210 8J 
« J 
39 J 

ICC J 

7:c 3 
5 - J 

18 J 
I t J 

lie BJ 

— 
— 
95 J 

2(-: 3J 

— 

5c; 

3 3 , l o : 

98 11 J 
1 5 , 0 0 0 BJ 

— 6 , 8 0 0 J 

4 . 6 J 3 0 0 , 0 0 0 

— 1 9 0 , 0 0 0 

1 0 2 . 6 

19 

5 1 1 , 8 0 0 

17 J 

28 

54 

32 J 

26 

1 8 , 0 0 0 J 

7 1 , 0 8 0 

6 7 , 0 0 0 E 

8 5 , 0 0 0 

7 5 7 , 1 0 1 

250 J 

250 

e.700 

1 , " J 

i : : J 

2<? 

23,000 
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T a b l e 4 -11 ( C o c ; . ) 

:;aa(>le C Q l l e c t : > x i I n f o r 
iiricl Pi r u e t e r s SSI 3 

Coepo-jui t>etec-:<<i 
I v a l u e s i n Axj/t:-1 

Sample Number 
SS14 SSI 5 

l i e t e 1 1 / 1 8 / 8 7 1 0 / 2 6 / 8 7 1 0 / 2 6 / 8 7 
Time IOI NR KR 
<n.P O r : a n i c T r t ' f i c R e p o r t r- jmber EQ372 EQ373 

S>S ».3i<5er-Or = j 3 i c ) ( 3 1 5 5 1 - 0 1 1 
<3.P I t c r q a n i c T r a f f i c R e c c r t Jtua6«r MEC007 MEQ008 
'S>S J«.3«ber-In: : s a n i c ) { 3 2 4 9 1 - 0 1 ) 

Vol* Organ. : : 3 
l>romo*athaite 
" i n y l c h l o r i d e 
<:hlorc«tfaai>e 
i i e t h y l a i e c h l o r i d e 
i icetocm 
<-.arboe d i a u l f i d i 
1 : r > n s - l , 2 - d i d i l c T o e t h a n e 
<:falorcform 
1 , 2 - d i t i l o r o e t i a n e 
II—butasooe 
1 , 1 , 1 - t r i c f a I o m t h a n e 
' • i n y l a c e t a t e 
t . r i c f a l c r o e t h e t M 
1 , 1 , 2 - r x i c t i l o r r 4 t h a n e 
Itanzeoe 
t e t ra c U o roe tbec e 
l o l u e s e 
< h l o r t i A e a z e o e 
I ' t t i y U e n z e n e 
i . t^ / rcee 
t o t a l x y l e a e s 

1 \>ta l V o l a t i l e C r g a n i c s 

1>otal T e o t a t i v e l y I d e n t i f i e d 
^ ' o l a t i l e Orgaii.-ies 

i ^ e e i v e l a t i l e O r c e n l c m 
rf l i t t III! ill" II I i | i i mi l Taaii ia 
j s s p f a e r o o e 
: , 4 - d i a e t l i y l | i b a e o l 
t j t p t b a l e o e 
4 i — c h l c c o a n i l i a e 
^ ' - • e t l f l n a p t h a i l a n e 
<U.Betfarl p b t b a l j t e 
i i caoaf f t t t ay lene 
i c e r t f ^ A t b e n e 
cLi .bentcfuran 
M u o r e c a 
l>-Ditr::so<li;4>ec:; l a a l n e 
{ i h a n a ^ i i r e n e 
<mthrtc-en« 
t t i - n - t u r t y l p h t b * : a t e 
11 uor«r: t h e n e 
l Y r e n * 
I s j t y l i w n y i l p h t i u l a t e 
l>enrc * ) a n t h r a n n e 
b i « ( 2 - < ' t h i ^ l b e i r r : ) p h t h a l r - . e 
<bry»ecie 
cli - D - K T y l p h t b a J a t e 
IwDSota ) p ^ a a e 
t w D Z o t g . h , i ) p e r ] l e o e 

1\>tal S e a i v o l a t i l e O r ^ a o l c a 

1'<otal T a a t a t i v e l y I d e n t i f i e d 
! ; e m i v : l . a t l l e O n m n i c s 

7 . 9 J 
1 .3 J 
l . S J 

37 
740 

4 . 5 J 

100 

200 40 

49 

33.000 

320 

980 

35,141.5 

J — 

— 

340 

2.000 

2,540 40 

285 

170 J 
140 J 
970 J 

210 
450 
470 
910 

— 
6,100 
1,400 

5,400 
4,700 

2,400 

2,400 

2,000 
930 

J 
J 
J 
J 

J 

— 
— 
— 
— 
110 J 
86 J 

— 

59 .' 
57 J 

200 J 

— 

..» 
— 

2 8 , 6 5 0 

8 5 , 9 7 0 

512 

4 4 , 1 8 0 

4 - 8 9 



T a b l e 4 - 1 1 ( O i n t . ) 

S a a p l e C o l l e c i i o n I n f o r m a t i o n 
and P a r a m e t e r : SSOl SS02 

Sample Number 
5S03 SS04 SS05 SS06 

F e s t i c i d e s / P C 3 s 
A. i - -DDD 
C h l o r d a n e 
^ . r o c l o r 1248 
A j o c l o r 1254 

190 

NAF 

137 

5 J 

T o t a l P e s t i c i i e s / P 3 s 190 137 

T o t a l T e n t a t i i r e l y I d e n t i f i e d 
Pes t i c i d e s / P C B s 

A n a l y t e D e t e c t e d 
) v a l u e s i n m g A g ) 
a lua i inum 
a r s e n i c 
t>a r iun 
b e r y l l i u m 
ca<biium 
c a l c i u m 
<:faromium 
<x«>alt 
c o p p e r 
i r o n 
l e a d 
magnes ium 
m a n g a n e s e 
m e r c u r y 
n i c k e l 
p o t a s s i u m 
s i l i c o n 
s o d i u m 
s n l f i d e 
t h a l l i u m 
t i t a n i u m 
v a n a d i u m 
z i n c 

TVatal I n o r g a r i c s 

1 5 , 8 0 0 
7 . 6 1 JN 

100 B 

7 3 , 9 0 0 
2 0 . 1 J * 
2 0 . 1 BJN 
1 8 . 9 

2 7 , 5 0 0 
1 5 . 2 JN* 

3 3 , 4 0 0 
388 

33.5 
4,030 

3 3 5 B 

2 7 . 4 B 
5 7 . 2 

1 6 , 5 0 0 
6 . 8 1 JN 
5 2 . 7 B 

6 9 , 3 0 0 
1 3 . 6 J * 
2 9 . 6 JN 
2 2 . 5 

2 9 , 4 0 0 
1 6 . 1 JN* 

3 2 , 4 0 0 
417 

3 8 . 5 
3 , 4 0 0 

213 B 

2 5 . 4 B 
6 2 . 7 

9 . 7 0 0 

3 2 . 9 8 

2.88 
5 6 . 9 0 0 

9 . 8 0 J * 
2 6 . 5 BJN 
27.7 

28,700 
1 1 . 8 JN* 

3 1 , 2 0 0 
423 

3 8 . 6 
2 , 5 8 0 B 

248 B 

1 5 . 0 B 
6 1 . 7 

1 2 , 6 0 0 
7 . 4 

52 B 
0 . 5 B 

6 5 , 9 0 0 
27 
16 B 
18 

2 5 , 4 0 0 
13 J*N 

3 0 , 2 0 0 
577 N* 

39 
3 , 1 4 0 

318 B 

23 B 
67 

1 2 . 5 0 0 
13 
86 B 

0 . 7 B 

7 4 , 2 2 0 
33 
23 B 
45 

3 2 . 2 0 0 
69 J*N 

4 0 , 4 0 0 
592 N* 

50 
3 , 7 7 0 

321 B 

4 . 1 B 

20 B 
1C6 

9 . 5 2 0 -
1 . 5 

31 B 
0 . 5 B 

7 7 , 5 0 0 
18 

60 
2 4 , 3 0 0 

25 J«N 
4 3 . 6 0 0 

536 N* 
0 . 1 2 

38 
3 . 2 1 0 

257 B 

3.9 B 

15 B 
66 

1 5 5 , 6 5 3 . 0 1 1 5 1 . 8 9 7 . 9 1 1 2 9 , 9 7 7 . 8 8 1 3 8 , 3 9 7 . 9 1 6 4 . 4 5 2 . 8 1 5 9 , 1 8 2 . 0 2 
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r » M e 4 - 1 1 i C c n t . ) 

> a a c l e Co l l«<r1 ion I n f o r m a t i o c Sample Nunber 
m i P a r a m e t e r ; SS07 SS08 SS09 SSIO S S l l SS12 

P e s - i c i i l e s / T O s 
J..?'-OD(J — . — — — — 
• r h l r r d a n e — — — 1,300 J — — 
. ^ t c ^ l o r 1 2 4 ! — — — — — — 
.V-toclor 125^ — — — 2 , 0 6 0 J — — 

T s t J l P e s t i c i c e s / T C r s — — — 3 ,360 — — _ 

T o t a l T e n t a t i v e l y l i s n t i f i e d — — — — — — 
l ! > e s t i c i d e s / 7 a s 

. t o a l y t e D e t e c t e d 
l v a l u e s i n mg/lcg) 

^ i l a a i n u m 10,VOO 1 0 , 4 0 0 1 1 , 1 0 0 5 , 2 8 0 8 . 2 7 0 5 , 7 9 0 
i i r s e n l c 1 . 5 9 . 2 13 N — 7 . 6 J+N 9 . 7 OI 
I x r i u a 53 B 30 B 30 B 49 B 44 B 21 I 
l > e r y l l l u « 0 . 5 B — — — — — 
i;*<taiua — — 4 . 4 * 3 . 8 B — — 
o a l c i u m 4 9 , 8 0 0 5 5 , 5 0 0 5 9 , 7 0 0 5 2 , 8 0 0 6 3 , 1 0 0 5 2 , 3 0 0 
chromdum 30 — 19 47 16 11 
o o t m l t 17 B — 15 7 . 8 B 9 . 4 B 13 S 
romper 44 33 34 46 22 34 
i r o a 2 6 , 0 0 0 2 5 , 7 0 0 2 7 , 8 0 0 E 1 8 , 4 0 0 1 9 , 3 0 0 J 2 6 , 7 0 0 J 
l e » i 58 JN* 16 JN* 18 N 59 1 1 JN 14 J S 

l aecnes ium 2 6 . 5 0 0 3 1 . 4 0 0 3 3 . 7 0 0 2 2 , 4 0 0 2 6 . 8 0 0 2 9 , 0 0 0 
l a a ^ n e s e 449 N* 491 N* 425 628 368 473 
l e e r c u r y 0 . 2 4 — — — — — 
t v i d c e l 41 40 36 33 31 38 
] » t a s s i u m 3 . 2 0 0 1 .970 B 3 , 8 3 0 1 ,320 B 1 .600 B 1 , 2 9 0 S 
i c i l i c o n — — 
l i o d i u a 270 B 243 B 198 B — — — 
i ( « U i d e — — 
i d a a i i u m — 3 . 5 B — — — — 
l u t a n i u m — — 
^ n o a d i u a 14 B 10 B 21 15 B 17 B 13 B 
:cimc 136 64 72 C 110 55 60 

i f t i t a l I i x > r c a n i c s 1 1 7 , 0 1 4 . 2 4 1 2 5 , 9 0 9 . 7 1 3 7 , 0 1 5 . 4 1 0 1 , 1 9 8 . 6 1 1 9 . 6 5 1 U 5 , 7 6 6 . 7 

4 - 9 1 



V a t l e 4 - 1 1 ( C o n : . ) 

<.;aafl* C o l l e c t i o n I c f o n a a t l o x . Sample Number 
tiT.i P a r a m e t e r s SS13 SS14 SS15 

I'esticides/PCBs 
'I 4 - - D ( » ~ — 
( i l a r d a n e — 
i u c c l o r I2<« — 
J u c c l o r 1254 — 

: : ^ t « l P e s t i c i d e !/PC3a — 

i : o t a l T e n t a t i v e l y I d e n t i f i e d — 
I > e s t l c i d e s/PCBs 

J m a l y t e D e t e c t e < l 
I v a l u e s i n mg/V'j) 
i i l E m i n i a 1 8 , 1 0 0 
i i r s e o l c — 
l>ariua 209 
l i e r y l l l u m — 
<:a!!mitni — 
<:alcium 2 4 , 5 0 0 
cfaremiua 49 H 
( x i b a l t — 
cxipper 6 8 
I r e n 2 2 , 3 0 0 
l e e d 3 9 1 
•<»;nes ium 8 , 3 9 0 
• l a a g e n e a e 2 5 5 H 
n e r c u r y — 
i i i c k e l — 
{otass lua — 
i ^ l l i c o n 1 3 4 , 0 0 0 t— . — 
n o f i o a — 449 B 236 B 
lEQlf ide 1 1 1 — — 
t l i t U i u a — — — 
t i t a n i u m 1 , 1 5 0 — — 
^ 'a ixadlua — 27 29 
i : l>c 5 1 1 203 E 73 E 

l^trtal I n o r 9 a n i c i i 2 1 0 , 0 3 4 1 0 5 , 7 2 8 . 6 1 4 2 . 7 9 4 . 3 

" - - N o t d e t e c t o d . 
IO,T H o t a m l y s t K l f o r t h i s C c a c t l o a o f T C V I A L 

• I H o t r a c o r d i t d . 

1 2 . 1 0 0 
14 
99 

0 . 7 
5 . 9 

3 8 . 6 0 0 
22 

8 
73 

2 8 . 4 0 0 
7 5 . 5 7 0 
1 4 , 9 0 0 

3 9 5 

22 
2 , 8 4 0 

sN 

B 

* 

B 

E 
sH*^ 

1 5 , 7 0 0 
U N 

127 
0 . 6 B 
4 . 7 • 

6 4 , 2 0 0 
25 
12 
29 

2 7 , 1 0 0 E 
15 sN 

3 0 , 4 0 0 
408 

34 
4 , 3 9 0 
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T a b l e 4 - 1 1 ( C o n t . ) 

C'JALIFIERS oer iNiTiOM INTEF »RETATION 

I n d i c a t e s a n e s t i m a t e d v a l u e . 
f n i s f i«-^ i s u^«-J whsr. t h e compound i s 
f o u n d i n t h e a s s o c i a t e d b lan l ( a s v e i l a s 
i n t h e s a m p l e . I t i n d i c a t e s p o s s i b l e / 
p r o b a b l e b lanic c o n t a m i n a t i o n and v a r n s 
t h e di>ta u s e r t c ta lce a p p r o p r i a t e a c t i o n . 

Compouad v a l u e may b e s e m i q u a n t i t a t i v e . 
Co««po-.r"-d v a l u e may b e s e n i q u a n t i t a t i v e i f 
i t i s <5x t h e blanic c o n c e n t r a t i o n ~ ( < l O x 
t h e b l«nk c o n c e n t r a t i o n s f o r common 
l a b o r a t o r y a r t i f a c t s : p h t h a l a t e s , m e t h y l e n e 
c h l o r i d e , a c e t o n e , t o l u e n e , 2 - b t ; t « n o n e ) . 

A.-WO-YTE 
C'-'ALIFIERS DEFINITION INTERPRETATION 

B 

J 

Estimated or not reported due to interfer
ence. See laboratory narrative. 
Analysis by Nethod of Standard Additions. 
Spike recoveries outside QC protocols, 
which indicates a possible matrix problea. 
Data may be biased high or low. See spike 
results and laboratory narrative. 
Duplicate value outside QC protocols vhich 
indicates a possible awtrix problem. 
Correlation coefficient for standard 
additions is less than 0.995. See reviev 
and laboratory narrative. 
Value is real, bat is above instrument EE. 
and below CRDL. 

Value is above OUX, and is an estimated 
value because of a QC protocol. 

Analjte or element was not detected, or 
value may be semiquantitative. 
Value is quantitative. 
Value may be quantitative or semi
quantitative. 

Value may be quantitative or semi
quantitative. 
Data value may be biased. 

Value may be quantitative or semi
quantitative. 
Value nay be semiquantitative. 

Soiir':e: Ecology a[>d Environment, Inc. 1990. 



( 

SS14 

(O- -8 .5 ;L 
VOC 2.540 
SV «8.650 
PEST 
PCB 

_Ji 
SS15 
5'-20-) 

3ou1 
(23 5' 

VOC 
3V 
r'Esr 
=CB 

•25-) 

938 
S'.Q 

190 
SS02 _y 

SS04 
:0- tV) 

VOC 288 
SV 2.247 ) 

VOC 111 
SV NA 
PEST NA 
PCB NA 

. | r v/p 

SS03 
{33.5'-35) 

WC 52 
SV 226 
PEST 
PCB 137 

SSIO 
(45-) 

V5C 496.800 
SV SS.OOO 
PEST 1,300 
iPCB 2j060 

pQQQ 

\? 
SS05 

(0'-30-) 

SV 
PEST 
PCB 

vof 5J 
SV 512 
PEST ) 
PCB ^ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 SV 

(0'-301 
v«3C 
SV 
PEST 
PCB 

- i t 
2S0 

SS12 • • • 
(33.y-53.5') 

VOC '941 
SV 240 

SSOS'TI 
(0--30) 

"555r 
(33.5--55') 

wc—Jir r 
PEST 
PCB 

1,868 

TOC nun 
SV 
PEST 
PCB 

SOURCE: Ecology and EnvirannMnt, Inc 1990. 

NOTE: <X)NCEr4TRAT10NSlNnxi*0(Ppni). 

SCALE 
200 300 400 SOO f€ET 

LBSENO 
vex; TOTAL V(XAT1LE ORGANIC COMPOUNDS NOT DETECTED 
SV TOTAL SEMIV0LATI.E ORGANIC COMPOUNDS • SHAU-OWMONITORMGWELL 
PEST TOTAL PESnCIOES - • - DEEP MONITORING WELL 

FIGURE 4-23 DISTRIBUTKSN AND CONCENTRATION OF 
OR(3ANIC COMPOUNDS IN SUBSURFACE 
SOIL SAMPLES 

PCB TOTAL P<aS NA NOT ANALYZED F<3R THIS CONSTTTUENT 
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and 1 nitrogen aromatic. PAHs vere detected in 9 subsurface soil 

samples vith concentrations ranging from 18 yg/kg phenanthrene and 

anthracene in SS08 to 18,000 yg/kg napthalene in SSIO- Phenanthrene and 

anthracene vere the most frequently detected PAHs. Phenanthrene vas 

detectej in 7 samples vith concentrations ranging troo 18 ug/kg in SS08 

to 6,100 yg/kg in SS14, and anthracene v?s detected in 5 saitples vith 

concentrations ranging from 18 yg/kg in SS08 to 1,400 yg/kg in SS14. 

Phthalates vere detected in 11 subsurface soil samples in concen

tration:? ranging from 46 yg/kg dimethyl phthalate in SS06 to 67,000 

Ug/kg bls(2-€thylhexyl)phthalate in SSIO. Bis(2-ethylhexyl)phthalate 

vas det'scted in 11 subsurface soil samples making it the nost frequently 

detected semivolatile. 

N-iiitroso-di-n-propylamine vas the only halogenated amine and vas 

detected in SS04 at 33 yg/kg. Isophorone, the only hydrocarbon, and 

2,4-dim(;thylphenol, the only phenol, vere both found in SS14 at concen

tration;; of 170 yg/kg and 140 yg/kg, respectively. Sample SS07 

contained the only halogenated hydrocarbon, 4-chloroaniline, vith a 

concent):ation of 62 yg/kg. Dibenzofuran vas the only aromatic detected 

and vas found in SS07 at 13 yg/kg and SS14 at 470 yg/kg. N-nitrosodi-

phenyleuaine vas the only nitrogen aromatic and vas detected in SS15 at 

110 yg/lcg. The greatest total semivolatile concentration vas 85*000 

itg/kg in SSIO. Sample SS14 contained the largest number of semivolatile 

compounds, vfaich vas 15. Sample SS02 vas not submitted for semivolatile 

analysis:. 

Pe»ticides. Pesticides vere only detected in tvo subsurface soil 

samples. Sample SS05 contained 5 yg/kg 4,4'-IM7T and SSIO contained 

1,300 UK/kg chlordane. 

PCIJs. PCBs vere detected in three subsurface soil samples. > 

Aroclor 1248 was reported at 137 yg/kg in SS03 and 190 yg/kg in SSOl. 

Aroclor 1254 was detected in SSIO at a concentration of 2,060 yg/kg. In 

all thr«;e sanples, the indicated concentrations are also the total PCB 

concentrations for the sample. 
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TJ|CS. A total of 72 volatile and 215 semivolatile TICs vere 

identiJiied in the 15 subsurface soil samples. The majority of the TICs 

vere unknown compounds and hydrocarbons including alcohols, PAHs, 

phthalates, ketones, and esters. Frequently identified compountfs in

cluded esters, ethers, ketones, alkyl benzenes, alkanes,"trichloro-

trifluoroethane, 3,3,5-triBethyl cyclohexanol, alkyl phenanthrene, and 

alkyl cinthracene. 

The average total estimated concentration of TICs for the sub-

surfact! soils containing TICs was 89,726 yg/kg. 

Iriorganics. Results of TAL analysis on subsurface soil sanples are 

presented in Table 4-11 and Figure 4-24 presents the distribution of 

concentrations of selected inorganic analytes detected in the subsurface 

soils. Table 4-12 illustrates typical analyte concentrations io soil 

(Bowen 1979) and analyte concentrations detected in subsurface soils at 

the U.S. Scrap site. 

T^L analysis indicated the presence of man-made constituents as 

well as common soil constituents. Constituents detected in subsurface 

soil samples at the U.S. Scrap site that are considered potentially to 

be man-made in origin include arsenic, cadmium, and lead. Lead vas 

detected in all 15 subsurface samples in concentrations ranging from 11 

mg/kg in SSll to 7,570 mg/kg in SS14. Only 2 samples exceeded the upper 

range limit of 300 mg/kg found in typical soils. Tvelve samples con

tained arsenic in concentrations ranging from 1.5 mg/kg in SS06 and SS07 

to 14 mg/kg in SS14, vith no concentrations above the upper range limit 

of 40 mg/kg typically found in soils. Cadmium vas detected in 5 samples 

vith concentrations ranging from 2.88 mg/kg in SS03 to 5.9 mg/kg in 

SS14. Five samples contained concentrations exceeding tbe upper range 

limit of 2.0 mg/kg typically found in soils. The median concentration 

for cadmium in subsurface soil at the site was 4.40 mg/kg, whica ex

ceeded the median concentration typically found in soils by 4.05 mg/kg. 

Mercury was detected only in SS06 at 0.12 mg/kg and SS07 at 0.2-«. mg/kg. 

Neither concentration was above the concentration of mercury typically 

found in soils which is 0.50 mg/lcg. 
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SOURCE: Ecology and Environment, Inc. 1990. 

NOTE: CONCENTRATIONS IN mglkg (ppm). 

As 
Cd 
& 

^ ^ ^ 

ARSENIC 
CADMIUM 
CHROMIUM 

HO 

Pb 
Ho 
Cr 

SCALE 
200 3 0 i 

LEGEND 
LEAD 
MERCURY 
CHROMIUM 

NOT DETECTED 
SHALLOW MONITORING WELL 
DEEP MONITORING WHl . 

FIGURE 4-24 DISTRIBUTION ANDCONCBORATION 
OF ANALYTES IN SUBSURFACE SOL 
SAMPLES 
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TahXe 4 - 1 2 

TYPICAL CtWCrSTRM^aC OF AWiTTES I S SOILS 

VERSUS <JJWCE.1li«ATI0ag DETECTC IN SUBSURTACE 

SOIL SAMPLES C D U X C H J AT THE U . S . SCKAF SITE 

A n a l y i e T^,r])ical Kan^e i n 

S o i l s (Med ian ) 

( » 4 A g ) 

Kan^c i s O . S . S e r a ; 

C o a p o s l c e S a a p l e s ( a e d i a n ) 

t»sAg) 

N u a b e r of S a a p l e a 

C o s t a i c i a q A n a l y t e 

!»j9iber of Saaf>les E x c e e d i n g 

tl!« Upt>er L i m i t of T y p i c a l 

S e l l Range 

a l u & i n u a 1 0 , 0 0 0 - 3 0 0 , 0 0 0 ( 7 1 . 0 0 0 ) 

a n t i i K i n y . 3 0 - 1 0 ( 1 . 0 ) 

a r s e n i c . 1 0 - 4 0 ( 6 . 0 ) 

b a i i u i i 1(10-3,OOO(SOO) 

b e r v l l i u a 0 1 - 4 0 ( 1 . S O ) 

c a d x l i u i 0 1 - 2 . 0 ( . 3 5 ) 

c a l c l i i a 1 0 0 - 5 0 0 , 0 0 0 ( 1 5 , 0 0 0 ) 

cfaroaiJuB : > . 0 - 1 , 5 0 0 ( 7 0 1 

c o b a l t . 0 5 - 6 5 ( 8 . 0 ) 

c o p p e i 3 . 0 - 3 5 0 ( 3 0 ) 

i r o n 3 , 0 0 ( ^ 5 5 0 , 0 0 0 ( 4 0 . 0 0 0 ) 

l e a d 2 . 0 - 3 0 0 ( 3 5 ) 

• a g n e t r j a 4 0 ( ' - 9 , 0 0 0 ( 5 , 0 0 0 ) 

• u i g a t e i a 2 0 - 1 0 . 0 0 0 ( 1 , 0 0 0 1 

• • r c u i y . 0 1 - . S 0 ( . 0 < ) 

n i c k e l 2 . (V-750(40) 

p o t a s i l m 6 0 - 3 7 . 0 0 0 ( 1 4 , 0 0 0 ) 

s v l e n i u n . 0 1 - 1 . 2 ( . 4 0 ) 

s l l v e t . 0 1 - « . 0 ( . 0 S ) 

s o d i i n i 1 5 ( - 2 S . 0 0 0 ( 5 . 0 0 0 ) 

t h a l l i i n . 1 0 - . « 0 ( . 2 0 ) 

t i n . 1 0 - 3 0 0 ( 4 . 0 ) 

v u i a d i u a 3 . 0 - S O O O ( M | 

s i n e l . » - 9 0 0 < 9 0 ) 

U t a n i u i 1 5 ( ~ 2 S , 0 0 0 ( 5 , « W ) 

• i l i c c t ) Z S O . O t O - U e , 0 0 0 ( 3 3 0 . 0 0 0 ) 

s u l f K l e 3 0 - 1 , 6 0 0 ( 7 0 0 ) 

cyan l c i e U 

5 , 2 « 0 - l « , 1 0 0 ( 1 1 , 1 0 0 ) 

1 . 5 - 1 4 ( 0 . 4 ) 

2 1 - 2 0 9 ( 5 2 ) 

. S - . 7 ( . 5 5 l 

2 . « » - S . 9 ( 4 . 4 t ) 

2 4 , 5 0 4 ^ 5 5 5 , 0 0 0 ( 6 3 . 1 0 0 ) 

9 . » - « » ( 2 1 . 0 5 ) 

7 - « - 2 » . 6 ( 1 5 . S t 

1 0 - 7 3 ( 3 4 ) 

l a . 4 0 4 ^ 3 2 . 200 ( 26 , TOO) 

1 1 - 7 . 5 7 0 ( 1 6 . 1 ) 

• . 3 9 4 > - 4 3 . 6 0 0 ( 3 0 , 4 0 0 ) 

2 5 S - 6 2 « ( 4 2 S ) 
t 

. 1 2 - . 2 4 ( . 1 S ) 

2 2 - 5 0 ( 3 0 ) 

1 . 2 9 0 - 4 , 3 9 0 ( 3 . 1 7 0 ) 

1 9 » - 4 4 9 ( 251)1 

3 . 5 - 4 . 1 ( 3 . 9 1 

l»-29(U.St 

5S-5U(r7) 

1.150 

134.000 

111 

15 

.0 

12 

15 

6 

5 

15 

14 

12 

15 

15 

15 

15 

15 

2 

14 

14 

0 

0 

11 

3 

0 

14 

15 

1 

1 

1 

0 

\ 

0 

0 

0 

0 

0 

5 

1 

0 

0 

0 

0 

2 

14 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

— N<'t detoct'td. 

U Ur.a vail able 

Sourc*: Bowen 1979. 
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Discussion; 

Organics. Sample SSIO exhibited the greatest degree of organic 

contamination of the subsurface soil samples. It should be noted, 

however, that SSIO is a sample of fine-grained clayey material obtained 

from a depth of 45 feet, which is the base of the known water column iir 

the abandoned production well on-site. This material from the abandoned 

well may be coniposed of surface soil that has been eroded from the 

surface into tbe open well. It is possible that liquid vaste vas at one 

time introduced directly into the open hole, or the production veil 

casing may have deteriorated alloving the infiltration of highly 

contaminated shallov groundvater. 

Simple SS13 contained high VOC concentrations in relation to other 

subsurface soil sanples. This sample vas collected from fill material 

after l igh concentrations of vaste vere encountered during the boring of 

FIL010:2-12A. Tills sample vas analyzed as a high concentration sample. 

The borehole vas abandoned and a nev location selected. Samples SS14 

Euid SSL5 vere collected fron fill in the nev location, FIL0102-12. 

VOCs vere detected more frequently and in higher concentrations in 

subsurface soil samples fron off-site locations than in on-site surface 

composite samples. VOC concentrations decreased vith depth in boreholes 

FIL010:!-01 (SSOl, SS02, SS03) and FIL0102-12 (SS14, SS15). VOCs 

increased vith depth in borehole FIL0102-07 (SS07, SS08). Borehole 

FIL010:?-05 (SS05, SS06) exhibited no notable change in VOCs vith depth. 

S)!mivolatile concentrations vere generally lover in subsurface soil 

sample:; than in surface soil saaples. Semivolatile concentrations 

decreasied in boreholes FIL0102-01 (SSOl, SS02, SS03), FIL0102-07 (SS07, 

SS08), and FIL0102-12 (SS14, SS15). Semivolatile constituents increased 

vith depth in borehole FIL0102-O5 (SS05, SS06). 

Pesticides vere only detected in the abandoned production veil and 

sample SS05 from borehole FIL0102-05. Sample SS06, collected at a 

greateir depth in FIL0102-05, did not contain pesticides. 

P('Bs were also detected in the abandoned production well on-site, 

as vel.". as in SSOl and SS03 collected from FIL0102-01. No concentration 

change vas noted at the different sample depths. 
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Inorganics. Lead and cadmium vere the only analytes detected in 

the subsurface soil samples that exceeded concentrations typically found 

in soils. Samples SS13 and SS14 contained the highest concentrations of 

lead but this may be partially attributable to the sample locations. 

Both SS13 and SS14 vere" (:olIected in "fill near the road. Aatomobile" ~ 

emissions nay contribute to the high levels of lead. 

Relatively high concentrations of cadmium were detected from bore

hole FIL0102-12 (SS14, SS15) with no concentration change with depth. 

Cadnium was also detected in the abandoned production well. Sample SS03 

collected from borehole FIL0102-01 contained cadmium but sample SSOl 

collected from the same borehole at a shallover depth did not. 

4.2.2.4 Excavation Soil Samples 

Results: 

VOCs. VOCs vere detected in all excavation soil samples. Table 

4-13 summarizes analytical results of excavation soil samples, and 

Figures 4-25 through 4-29 illustrate the distribution of total VOCs vith 

respect to depth at each excavation location. A total of 18 VOCs vere 

detected including conpounds considered to be common laboratory arti

facts. Conpounds considered to be common laboratory artifacts include 

methylene chloride, acetone, 2-butanone, toluene, dimethyl phthalate, 

butylbenzylphthalate, bis(2-ethylhexyl)phthalate, and di-n-octyl

phthalate. Sample XS17 (TP04) contained 13 VOCs, vhich vas the greatest 

number found in the excavation sanples. Concentrations of compounds in 

XS17 (TP04) ranged fron 62,000 yg/kg carbon tetrachloride to 11,000,000 

yg/kg total xylenes. Toluoie, ethylbenzene, and total xylenes vere the 

most frequently detected conpounds in the excavation samples. 

Toluene concentrations ranged fron 150 yg/kg in XSOl (TP05) to 

21,000,000 yg/kg in XS21 (TP04), ethylbenzene concentrations ranged from 

34 yg/kg in XSOl (TP05) to 7,000,000 yg/kg in XS18 (TP04), and total 

jcylenes concentrations ranged from 19 yg/kg in XS02 (TP05) to 80,000,000 

yg/kg in XS03 (TP05). The total xylenes concentration of 80,000,000 

yg/kg in XS03 (TP03) vas also the highest VOC concentration in the ex

cavation soil samples. The highest total VOC concentration was detected 

in XS21 (TP04) vhich vas 106,620,000 mg/kg. 
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Table 4-13 
SESULTS OF a i s a C A L MIAUSIS Of 

rn -co tuEc iED a K K r x n c m s o n , SAMPLES 

Sample Collection Information 
and Paiaaeters 

t a - . e 
--Jive 

XSOl 

O r q a n i c T r » 'f i c R e p o r t Niuabex 
I n c i r i i r . i c T r s f f i c SeTrcrt ..NiwiS.-

XS02 
Saaple Staaber 
r s03 XS04 XS05 XS06 

1 3 / 3 / 1 7 
1110 

Eseoi 
KEC?77 _ 

1 3 / 3 / 8 7 

1115 
ES004 

MEQSO: 

1 1 / : / 8 7 
1130 

ES006 
.rEQ503 

1 2 / 3 / 8 7 

1145 
ES007 

KEC5'f< 

1 V 3 / 8 7 
1215 

ES008 
-EQ505 

1 2 / 3 / 8 7 
1230 

ESQ09 
-Ei:506 

C :mpound Detec t -KJ 
v i l u e s i n ^ / g / k ; ) 

• J T ^ I a t i l e O r g a n i ' ^ 
, « w h y l e n e c h l o r i d e 
iT'Stone 
: a r b o n d i s u l f i d » 

. 1 — d i c h l o r o e t h t n e 
: , l - d i c h l o r o e t h u»e 
: . 2 - d i c h l o r o e t h « D e ( t o t a l ) 
; i i l o r o f o r « i 
; — s u t a n o n e 

3 , 1 , 1 - t r i c h l o r o e t h a n e 
! :arbon t e t r a c h l > r i d « 
: , 1 , 3 , 2 - t e t r a c h l o r o e t h a n e 
•: t i c h l o r o e t h e n e 
!'<»nzene 
;•—hexanone 
: e t r a c l U o c o e t h e t e 
" o l u e n e 
1-t . t iylbenxene 
• o t a l x y l e n e s 

I ' o t a l V o l a t i l e O r g a n i c s 

V o t a l T e n t a t i v e l y I d e n t i f i e d 
" o l a t i l e O r g a n i : s 

14 
70 

— 

11 
220 

2C 

— 
i,?:a,ooo B 

— 

13,oc: 
2 0 . 0 0 0 B 

— 

— 
- .3 ,000 J 

920 J 

5 .500 
3 .900 t 

— 

30 
27 

18 

330 
ISO 

34 

773 

318 

30 

5 J 
18 

32 
350 
470 

19 

0 7 5 

070 

— 

3 , 0 0 0 , 0 0 0 B 
3 , 7 0 0 , 0 0 0 

8 0 , 0 0 0 , 0 0 0 B 

8 7 , f 0 0 , 0 0 0 

1 0 , 1 0 0 , 0 0 0 

3 

2 

— 
— 

5 8 . 0 0 0 8 
1 3 . 0 0 0 B 

, 5 0 0 . 0 0 0 B 

, 6 0 3 . 0 0 0 

2 8 4 . 0 0 0 

1 

1 

— 

z 
1 5 , 0 0 0 
4 7 , 0 0 0 

. t o o , 000 

, r 7 5 , 9 2 0 

5 8 , 0 0 0 

130 J 

11 .000 
3 .000 

470 3 

1.100 

1 4 , 0 0 0 B 
4 . 3 0 0 B 

100 .000 B 

143 .390 

36,990 

: ^ n i v o l a t i l e O r g a n i c s 
;:faenol 
Iw 2 - d i c l i l o r o t > « n t a f N 

: ( - B a t h y l p h « n o l 
- l -Bwthrylphenol 
: t i t r o b e n s e n e 
: . s o p h o r o o « 
. ; , 4 - d i » s t h y l p h e i M l 
i i a p t h a l e n a 
: ! - a > e t h y l n a p t h a 1 ane 
<! ia ia thyl p h t l i a l a t e 
< i c e n a p h t h y l « n e 
J i c e n a p h t h e n * 
< t i b « n c o f u r « n 
< t i e t h y l p t i t h a l a t a 
n u o r e o e 
! t - D i t r o s o < U p h « i r l a a l i M 
l ^ o t a c f a l o r o p h e n o l 
i p t i e n a n t h r e n e 
• r t h r a c e n e 
l i - n - b u t y l p h t h a l a t e 
! l u o r a n t h e n e 

TV «••"• 
> : t . y l b e n r y l p h t h a l a t e 
? < ' m : o ( a ) » n t h c « c e n e 
^ 1;; ( 2 - e t h y l h e i c i 1 I p h t j i a l a t e 
r t i r j ' s e n e 
i : - n ^ c t y l p h t h i l a t e 
~ « ' n r o ( b ) l l u o r « r t h e n e 
^ ' i i z o (It) f l u o r a r t h e n e 
3 4 ' n z o ( a ) p y r e n e 
Lrideno ( 1 , 2 , 3 - c t 1 )py r e n e 
li .)>enzo 1 a , h ) a n t h r a c e n e 
t M i n z o ( g , h , l ) p e i y l e n e 

T o t a l S e « i v o l a 1 . i l « O r 9 a a u c s 

t o t a l T e n t a t i v e l y I d e n t i f i e d 
S i n a i v o l a t l l e O i g a n i c s 

— 
— 
— 
— 
— 
— 
— 

8 .200 
6 . 2 0 0 

— 
6 . 1 0 0 

1 2 . 0 0 0 
9 . 8 0 0 

— • 

1 7 . 0 0 0 

— 
— 

9 2 , 0 0 0 E 
4 0 . 0 0 0 

— 
8 6 . 0 0 0 E 

1 0 0 , 0 0 0 E 

— 
8 7 . 0 0 0 E 

3 .000 J 
8 5 . 0 0 0 E 

— 
1 2 0 . 0 0 0 E 

7 5 . 0 0 0 E 
9 9 . 0 0 0 E 
3 3 . 0 0 0 
1 1 , 0 0 0 
3 0 . 0 0 0 

9 2 0 , 3 0 0 

2 6 3 , 0 0 0 

• — 

— 
— 
— 
— 
— 
— 

1 ,900 J 
2 , 1 0 0 J 

— 
— 

2 , 1 0 0 J 
1 . 6 0 0 J 

— 
3 . 1 0 0 J 

— 
— 

21.OOC . 
5,90fl 

— 
2 5 , 0 0 0 
2 6 , 0 0 0 

— 
1 5 , 0 0 -
•11,OOC 

1 8 . OCO 

— 
2 3 . OC-: 

1 6 , 0 : - : 
1 8 , 0 : 0 

6.2(M 
2 , 1 0 0 J 
5 ,700 

2 3 3 , 7 0 0 

1 1 5 , 0 0 0 

4 - 1 0 1 

— 
— 
— 
— 
— 
— 
— 

1 7 0 , 0 0 0 
4 7 , 0 0 0 

— 
— 

3 , 7 0 0 3 
2 . 8 0 0 3 

— 
4 . 8 0 0 J 

1 3 , 0 0 0 

— 
3 7 , 0 0 0 

7 , 9 0 0 

— 
3 3 , 0 0 0 
3 3 , 0 0 0 

— 
1 5 , 0 0 0 
5 0 , OOC 
1 5 , 0 0 0 

— 
1 3 , 0 0 5 

1 4 , 0 0 : 
14,OOC 

4 ,40C 

— 
4 , 4 0 0 

4 8 2 , 0 0 0 

4 . 5 3 2 , 0 0 0 

ax 

J 

z 

z 

I 

-
r 
z 

2 

1 

1 
9 
4 

3 

24, 

294 , 

, 0 0 0 J 

— 
— 

590 J 

— 
— 

, 8 0 0 J 
. 1 0 0 
,300 

— 
— 
— 
— 
— 
— 

, 2 0 0 J B 

— 
920 J -

— 
— 

820 J 
870 J 

— 
430 J 
t i O J 
420 J 

— 
•10 J 
:70 J 

3ao J 

— 
— 
— 

,390 

,500 

190 

— 
3 

I t O J 
160 

— 
210 

2 , 0 0 0 
810 
240 

— 
— 
— 
— 
— 
— 
— 
— 
96 

— 
— 
74 

110 

— 
— 

130 

— 
— 
— 
— 
— 
— 
— 
— 

4 , 2 0 0 

9 8 , 6 7 0 

3 

3 

3 

3 

J 
J 

J 

410 J 

— 
— 
— 
— , 
— 

450 
2 , 3 0 0 
1 ,200 

— 
— 
— 
59 J 

— 
78 J 

590 B 

— 
740 
200 J 

— 
650 
690 

— 
330 J 
640 
290 J 

— 
— 
— 
— 
— 
— 
— 

8 , 6 2 7 

1 0 6 , 1 0 0 



Tiihle 4 - 1 3 ( C o n t . ) 

SJiapIe C o l l e c t i o n Inforaiat iaa 
and f a r a v e t e t ^ XS07 XS08 

Sanple SUaber 
XS09 X510 X S l l XS12 

TolAl V o l a t i l e O r g a n i c s 

TolJ t l T e n t a t i v e l y I d e n t i f i e d 
V o j j i t i l e O r c a n i c s 

S e e d e o l a t i l e O r g a n i c s 
pbasiol 
1 . ^ r - d i c h l c r o b e n z e o e 
2 -MCfay l i ibaao l 

n l l T o b e n z e t M 
i s t f b o r o n e 
2,41-di jaat ln- lpl ien o l 
n a f i c h a l e n e 
2 - « e t f a y l n a p U i a l e D e 
d i » e t l i y l p t a t b a l a t e 
a o m a p h t f a y l e t M 
a o o a p h t b e a e 
d i l M o s o f i i r a a 
d i < i C ^ l p f a t i M l a t « 
t U t o r * a » 
S - i d t r o a o d i f l M t i i l o d n e 
( e i A a c l i l o r a p b M K 1 
f h i — n t h r a a 
• m i l t r a c e o e 
( i i - a - b u t y l f h t h a l a t e 
f l m r a n t h e e e 
fv-:ene 
I w r r l b e n r j - l p h t h i l a t e 
t -«x to(« ) a rT th rac«ne 
b i 5 f 2 - « t h ' l h e x i 7 ] j p f e t h a l a t e 
ci: r r s e n e 
<Li -5—o<-tylf*itha! a t e 
l*»-ixo(b)f l o n r a n t hene 
l>e'r:ro<K )f I ' jo ran l h e o e 
t 'e-:»o(» jp^-iene 
i j>i«ao( 1,.?.3—cd p v r e n e 
<H a e a z o ( a . k j a n t l i r a c e n a 
l M i B t o ( < | , h , i ) p * T ^ ' l e a « 

T c t a l Sea. i^r t3la t : . le O r g a n i c s 

^^>tal T « a t a t i v e : . y I d e n t i f i e d 
i ^ a i v o l a t i l e Or<raa ica 

1 , 3 0 0 , 0 0 0 B 

IXitt 1 2 / 4 / 8 7 
T i t * 0950 
C J O r g a n i c T r a f f i c R e p o r t Knnber ESOlO 
C J Z.-iorgan;c T r i f f i c R e p o r t Number HEQ507 

C'^tcnjnd D e t e c t e l 
1 v«I- jes i n r c / k g ) 

V . 3 ; « t i l e C r - j i n i c > 
i » ' t i - l e n e c i j o r i d e — 
a c « - m e 
c i i i - c n d i s u l f i d e 
1,1 — i i c h l o r t e t h e l e 
1 , J — i i c h l e r t e t h a i e 
1 , 1 - i i c h l o r c e t h e i e ( t o t a l ) 
c'ni-z-.zotorm 
2 -t«:r;anone 
1 , 3 . 1 - t r i c h l o r o e t h a n e 
c u t c n t e t r a c h l o r i d e 
1 , 3 . 2 , 2 - t e t r a c h l 3 r o a t h a n a 
t r j (^il o r o c t b e n e 
becEzene 
3 - l i exanone 
t » l r a c h l o r c e t h e n a 
t o l i M n c 
e t l y l b e n z e o e 
tolJLl x y l « 

1 2 / 4 / 8 7 
1010 

ESOl l 
.»!EQ508 

1 2 / 4 / 8 7 
1355 

ES012 
KEQ509 

X 2 / 4 / 8 7 
1415 

ES0I3 
MEQ510 

1 3 / 7 / 8 7 
1110 

ES014 
?tt:Q5ii 

1 3 / 0 ^ 7 
!LJ.50 

Esni5 
KSCr3l2 

370,000 
1,800,000 B 

2,'̂ 00,000 2,300,000 
370,000 250,000 J 
64,000 J — 

260,000 J 160,000 J 

88,000 J — 
5,100,000 B 3,400,000 B 
810,000 B 730,000 

23,000,000 B 19.000,000 B 

33,492,000 

2,400,000 

11,000 J 

21,000 J 

42.000 
23.000 J 

13.000 J 
9.200 J 

14,000 J 
14.000 B3 

•4.000 

17.000 J 
37.000 
63,000 
58,000 
6,100 J 
29,000 
240.000 
26,000 
88.000 
34.000 

20,000 J 
12.000 J 

12.000 J 

873.300 

704.000 

28,010,000 

28,000 

30,000 

170,000 
46.000 

2,100 J 
12,000 J 
11.000 J 

13,000 J 

51,000 
9,000 3 
33,000 
27,000 
20,000 3 
7,400 J 
9,000 J 

250,000 
9,200 J 
88.000 
6.800 J 
7,200 J 
7.000 : 
3,400 J 

3,100 J 

843,200 

1,877,000 

170,000 
440,000 E 

330,000 

5 5 , 0 0 0 J 

2 8 . 0 0 0 J 
2 , 1 0 0 , 0 0 0 B 
1 , 5 0 0 , 0 0 0 B 

3 4 , 0 0 0 , 0 0 0 £ 

3 8 , 6 2 3 , 0 0 0 

— 4 , 5 5 0 , 0 0 0 

7,700 J 

2 , 5 0 0 3 
4 . 4 0 0 3 

3 3 , 0 0 0 
1 6 , 0 0 0 J 

1 , 0 0 0 J 
1 4 , 0 0 0 BJ 

3,900 3 

1 4 , 0 0 0 J 
1 ,800 J 
1 ,700 J 
4 , 1 0 0 J 

5 8 , 0 0 0 

1 ,500 : 

1 6 3 , 6 0 0 

403,200 

3,7:o 
15,OCO B 

30,COO 
360 J 

400 J 

130 J 

23,000 : 

630 

5 2 . 0 0 0 
43C.OOO B 

1 ,300 J 
1 1 , 0 0 0 B 1 7 0 , 0 0 0 B 1.2OI).0O0 B 

5 , 2 0 0 8 3 . 0 0 0 B 3 5 0 , 0 0 0 
1 3 0 , 0 0 0 B 2 . 1 0 0 . 0 0 0 B 7.3Oti,0OO B 

1 8 4 , 7 8 0 

2 2 , 9 1 0 

2 . 3 7 6 . 9 3 0 

6 9 4 . 0 0 0 

9.332.Q00 

4 4 9 , 0 0 0 

430 

160 J 

110 3 
140 J 
260 J 
120 J 

UO j 

130 J 

1.700 

3,160 

29.080 

8.700 J 

3.400 3 
10.000 3 

33.000 
60.000 

4,400 a 
4.100 J 

6.S00 J 

1 9 . 9 0 0 3 

3 . 1 0 0 J 
7 . 5 0 0 J 
6 . 7 0 0 J 
1 ,700 J 
2 . 6 0 0 J 

1 1 0 , 0 0 0 
2 , 9 0 0 J 
7 . 4 0 0 J 
2,IOC J 
1 ,900 J 

l , 1 0 t J 

2 9 6 . 4 0 0 

1,047.000 

9 ,2O0 J 

SI.OOO 
1 9 0 , 0 0 0 

Z 2 , 0 0 0 J 
U.OOO 3 

9,700 3 

53,000 
58,000 
5,2O0 3 

3a,000 J 
333,000 

n.ooo J 
3 , 5 0 0 J 

3<i,000 

:7,ooo J 
a,400 J 

7 ,200 3 

• G , 2 0 0 

4.006,000 

4 - 1 0 2 



T a b l e 4 - 1 3 ( C o n : . ) 

S a a p l e C o l l e c t i o n I n f o r a i a t i o B 
and P a r a m e t e r s XS13 XS14 

Sai^l* mober 
XS15 XS16 XS17 XS18 

15a t e 1 2 / 7 / 8 7 
V i a e 1225 
<XF O r g a n i c T r a f f i c R e p o r t m m b t i ES367 
<n.r I n o r g a n i c T r a f f i c R e p o r t N u a b e r KEQ51? 

1 2 / 7 / 8 7 
1 7 5 5 

ES368 
KEQ514 

1 2 / 8 / 8 7 
1003 

ES369 
MEQ515 

1 2 / 8 / 8 7 
1005 

ES370 
MEQ458 

1 2 / 8 / 8 7 
1030 

ES371 
MEQ459 

1 2 / t / t l 
1115 

ES438 
ICQ460 

Co •O iyo ' u n d D e t e c t id 
v a l u e s i n t f g / k j ) 

V o l a t i l e O r g a n ! ; s 
ic ie thylene c h l o r i d e 
a c e t o n e 
i :« ibon d i s u l f i d e 
1 , 1 - d i c h l o r o e t h a n e 
:L. l - d i c h l o r o e t h i n e 
: i , 2 - d i c h l o r o e t h a n e ( t o t a l ) 
chloroform 
!!-butanone 

. 1 , 1 , 1 - t r i c h l o r o a t h a n e 
i : a ihon t e t r a c h l s r i d e 
:L , 1 , 3 , 3 - t e t r a c h l o r o e t h a n e 
' i r i c h l o r o e t h e n a 
l>cnzene 
i - h e x a n o n e 
i:et r a c h l o r o e t h e l e 
':c l u e n e 
' • t b y l b e n z e n e 
• : c t a l x y l e n e s 

T c t a l V o l a t i l e 3 r g a n i c s 

T c t a l T e n t a t i v e l y I d e n t i f i e d 
V c l a t i l e O r g a n i r s 

: ; e « i v o l a t i l e O r g a n i c s 
ipkenol 
L , 3 - d i c h l o r o b e n z e n e 
{ - • a t h y l p h e n o l 
l - M t h y l p b e n o l 
i i i t r o b e n t e f M 
I s o p h o r o n e 
2 , 4 - d i i * e t h y l p h e rtol 
l u p t h a l e n e 
2 - a e t h y l n a p t h a l e n e 

' l i a M t h y l p h t h a l a t e 
a c e n a p h t h y l e n e 
a c e n a p h t h e n e 
d i b e n z o f u r a n 
d i e t h y I p h t h a 1 a t a 
( l o o r e n e 
i v - n i t r o s o d i p h e n y l a a i n e 
p t n t a c h l o r o p h e n o l 
p t i aaan th r«B« 
k i i t J i r acene 
l i - n - b u t y 1 p h t h a l a t e 
f l u o r a n t h e n e 
frprene 
t x n r i - l b e n j y l p h t h a l a t e 
b<«ito ( a ) » n t h r a c ene 
b : s ( 2 - e t h Y l h e » . - y l ( p h t h a l a t e 
d i t r y s e n e 
d: - n - o c t y I p h t h a l a t e 
b<-:izo(b)1 l u o m r t h e n e 
b<-nzo(k)1 l u o r e r t h e n e 
b c n t o {a ) f ' / r e n e 
i i w i e n o l l , 2 , 3-<:c I p y r e n e 
d:J>enzo( a , h ) a n t h r a c e n e 
b < n u o ( g , h , i ) p e t y l e n « 

T o t a l S e a i v o l a t i l e O r g a n i c s 

Ti>tal T e n t a t i v a l y I d e n t i f i e d 
Sinai v o l a t i l e O t g a n i c s 

1 7 , 0 0 0 
45C J 

65C J 

2 3 . 0 0 6 
4 4 . 0 0 0 

9 3 0 , 0 0 0 

: . 0 1 5 . IOC 

371.OOC 

8.40G J 
2 2 , 0 0 0 J 

3 . 1 0 0 J 
2 . 8 0 0 J 

4 . 2 0 0 J 

1 4 . 0 0 0 
2 . 1 0 0 
2 . 8 o e 

lo.oce 
1 0 . O K 

3 . 9 ^ : 
5 6 , OOC 

4 , 2 ^ : 
i , 3C ' : 

6 . c : : 
J . c : : 

J 
J 
J 
J 
J 

J 

J 
J 

J 
J 

1 5 3 , 8 m 

5 6 8 , 0 8 0 

4 7 0 , 0 0 0 B 

1 8 0 , 0 0 0 B 
9 7 , 0 0 0 BJ 

2 . 3 0 0 , 0 0 0 B 

3.047,000 

7 , 7 0 0 J 

3 . 4 0 0 3 

4 , 9 0 0 J 

1 9 , 0 0 0 J 
2 6 , 0 0 0 

3 , 0 0 0 J 
2 . 6 0 0 J 

4 , 0 0 0 J 

3 , 8 0 0 J 
7 , 8 0 0 J 
7 , 7 0 0 J 

2 , 9 0 0 J 
5 3 , 0 0 0 

3 . 0 0 0 J 

4 , 1 0 0 J 

2 . 3 0 0 J 

1 5 5 , 2 0 0 

6 2 7 . 0 0 0 

4 - 1 0 3 

1 3 , 0 0 0 
5 , 7 0 0 

180 J 

4 5 0 , 0 0 0 
7 1 0 , 0 0 0 

5 4 , 0 0 0 J 

170 BJ 30,000 BJ 
6,700 1,200,000 
1,700 71,000 J 

340 J — 
— 73,000 J 

3,300 300,000 

580 J 
17,000 
3,900 
98,000 

150,370 

16,400 

2,200 J 

1 , 7 0 0 3 
3 , 0 0 0 J 
3 . 9 0 0 J 

1 1 . 0 0 0 J 
2 , 2 0 0 J 

2.300 J 
2,500 J 
3.000 J 
J,800 J 

67,000 J 
2,600,000 
720,000 

3,000,000 

9,365,000 

730,000 

76,000 

640.000 
45,000 
380,000 
140,000 
42,000 

15,000 J 
12,000 J 

3,000 J 
17.000 J 

110,000 
18,000 J 
110,000 
74,000 
66,000 
46,000 
32,000 

660,000 
33,000 

26,000 
20,000 J 
23,000 J 
12,000 J 

5,600 J 13.000 J 

41,300 3,613,000 

7,100,000 
1,900,000 

130,000 J 

76,000 BJ 
2,300,000 
360,000 J 
62,000 3 
160,000 J 

1,500,000 

11,0'0.000 J 

330,000 J 
9,500,000 
2,800,000 
11,000,000 

32,218,000 

6,710,000 

76,000 
7,400 J 

33.000 
300,000 

190,000 
67,000 
21,000 J 

9.100 3 
7,400 J 
2,000 3 
10,000 J 

62,000 
13.000 
38,000 
48,000 
49,000 
33,000 
19,000 
180,000 
31,000 
6,700 
21,000 

16,400 5,050.000 

15,000 J 
8,900 J 

9,400 J 

1,335,900 

2,090,000 

5,OM,000 J 

— 11.080,000 J 

19.080,000 
7,000,000 J 
31,000,000 

84,000,000 

59,000 
9,300 J 
14,000 J 
30,000 J 

2 1 0 . 0 0 0 
1 ,200 J 

1 2 0 . 0 0 0 
4 7 . 0 0 0 

4 . 7 0 0 J 

5 . 4 0 0 J 

7 7 . 0 0 0 J 

2 2 , 0 0 0 
1 6 , 0 0 0 
1 6 , 0 0 0 
1 2 , 0 0 0 

1 5 0 , 0 0 0 

7 4 3 , 6 0 0 

4 . 1 8 5 . 0 0 0 



Ti ib le 4 - 1 3 ( C o n t . ) 

S- iap le C o l l e c t i o n I n f o r a a t i o n 
aivi P a r t a a t e r s XS19 xsn 

Saaple Ruaber 
ZS21 XS22 XS23 XS24 

D i t e 1 3 / 8 / 8 7 
T i » e 1210 
C U O r g a n i c T r a f f i c R e p o r t Ruabe r ES429 
CLf I n o r o a r . i c T r a f f i c R e p o r t Number MEQ461 

C^^tx>und l e t e c t e d 
(i-< l u e s i r t/g/Vq ) 

V : l a t i l e C r g a n i c s 
i n p r h y l e n e c h l o r i d e 
ac* t o n e 
c a s b o n d i 5 - j l t i d « 
1,1 —dichlc r o e t h e n» 
1,1 ~dichl<r r o e t h a ne 
1 . ; — d i c h l c r o e t h a n e ( t o t a l ! 
chl o r o f o r » 
2 - t « t a n o n » 
1 , 1 , 1 - t r i e i l o r o a t h a n e 
ca i-foon t e t r a c h l r r i d e 
I , I., 2 , 2 - t e t r a c h ] o r c e t h a n e 
t r : . < : h l o r o * t h e n e 
bcf izene 
2-l iexanotM 
t e i : r a c h l « > r o e t h e i i e 
t c l . u e n e 
e t l i y l b e n z e n e 
te i - .a l x y l e n e s 

l o c a l V o l a t i l e d r c i n i c s 

Tc t i a l T e n t a t i v e l y I d e n t i f i e d 
V o l a t i l e Organ i« . s 

S - e i a i v o l a t i l e Or<far ics 
( h ' . n o l 
1 , 2 - d i c h l e r o b e n i : e t i e 
i - t a e t h y l p b e n o l 
4 -<»ethy I p i M n o l 
r i : r o b e n z e n e 
i s o p h o r o n e 
4 , l -d i aae t f ay lphe i io l 
t ia jpthaleiM 
] - » e t l ) y I n a p t h a l<tne 
( l i a e t h y l p h t h a l a t e 
X » n a p h t l n - l e n e 
liC t n a p h t b e n e 
f l i b e n z o f v r a n 
<li e t h y l p h t h a l a t ' i 
5' luorene 
| C - n l t r o s » d i p h « r r r l a a i n e 
| > e n t a c h l o r o p h « n > l 
| 4 > e n a n t h r e a « 
i t n t h r a c e t t e 
<!i - n - b u t r l p h t h a l a t e 
: ' l u o r a n t i > e n e 
l:^•tene 
: > i t y l b e n r 7 l | 5 h t h a l » - . e 
l><>rrro(i l a . T t h r a c e n e 
'M • ( 2 - e t f c v l h e x y 1 ) ; p h t h a l a t « 
z^ l y s e n e 
1 : - n - o c f ; I p t i t h a l a : « 
> ! n z o ( b ) ; l u o r a n t h e n e 
:^^nzo(k »:! l u o r a n t h e n e 
^«^^o(B " j y r e n e 
: r d e n o ( l . 2 , 3-<d I f v r e n e 
i ] b e n z o ( a . h ) a n t h r a c e n e 
ba'nzo(g.]^.. i ) p * i y l e n e 

f t ' t a l S e n v o l a t i l e O r g a n i c s 

T c t a l T e n t a t i v a l y I d e n t i f i e d 
S < « i v o l a t i l e O igao i i c s 

4 , 6 0 0 , 0 0 0 

1 2 / 8 / 3 7 
15 :0 

ES430 
yiEOii2 

i . < o o . t i : o J 

1 3 / 8 / 8 7 1 3 / 1 0 / 8 7 
154C 1010 

ES431 ES433 
MEC46? MEQ464 

. 0 0 0 . c o r 

1 2 / 1 0 / 1 7 
1043 

ES433 
ME04tS 

1 2 / 1 0 / 8 7 
1110 

ES434 
-rES022 

7 9 , o : o J • :4 ,000 J 

— 

1 , 8 0 0 , 0 0 0 J 

3 , 1 0 0 , 0 0 0 

— 
3 , 8 0 0 , 0 0 0 J 

8 9 0 , 0 0 0 J 
1 5 , 0 0 0 , 0 0 0 

4 , 6 0 0 , 0 0 0 
3 3 , 0 0 0 , 0 0 0 

5 4 , 7 9 0 , 0 0 0 

— 

3 0 0 , 0 0 0 
3 7 , 0 0 0 J 
6 2 , 0 0 0 

1 1 0 , 0 0 0 

6 1 0 , 0 0 0 
5 3 . 0 0 0 

4 1 0 . 0 0 0 
2 0 0 . 0 0 0 

8 0 , 0 0 0 

1 3 . 0 0 0 J 
1 0 . 0 0 0 J 

5 . 3 0 0 J 
1 3 . 0 0 0 J 
2 0 . 0 0 0 J 

— 
7 1 . 0 0 0 
1 7 , 0 0 0 J 
7 8 , 0 0 0 
5 2 , 0 0 0 
4 8 , 0 0 0 J 

2 1 , 0 0 0 J 
5 9 0 , 0 0 0 

2 3 , 0 0 0 J 
5 3 , 0 0 0 
3 0 . 0 0 0 J 
1 6 , 0 0 0 J 
1 9 . 0 0 0 J 

6 , 9 0 0 J 

7 , 5 0 0 J 

2 , 8 5 5 , 7 0 0 

1 , 6 0 8 , 0 0 0 

— 

— 

1.300,TOO J 

— 
1 . 8 0 0 , 0 1 0 J 

— 
6 . 7 0 0 . t o o 
3.100,TOO J 

ll.OOO.OTO 

24.300.TOO 

— 

7 0 , 1 0 0 
1 4 , 8 0 0 J 
2 4 . 1 0 0 3 
47.(100 

1 3 0 , M 0 
3 6 . 1 0 0 J 

2 6 0 . 1 0 0 
1 0 0 . 1 0 0 

1 3 . 1 0 0 J 

5 ,500 J 

— 
— 

6 . 1 0 0 J 
7 . « I 0 3 
7 . 0 0 0 J 

3 1 . 0 0 0 3 
7 . 1 0 0 J 

3 7 . 1 0 0 J 
2 i . a o o J 
22 .700 S 

9 : o o J 

aic loo E 
? KIO -

22 :0C . ' 
^ -iOC _-
< IOC z 

-. 40C .-

— 

— 

1 . 6 9 0 . 3 0 0 

6 , 8 5 0 . 0 0 0 

— 

3 2 , 0 0 0 . 0 0 0 
1 , 3 0 0 , 0 0 0 

3,80O.OOC 
730.OOC J 

4 , 1 0 0 . 0 0 0 J 
t , 1 0 O . O O t J 

2 1 , 0 0 0 . 0 0 0 
6 , 7 0 0 . 0 0 0 

3 3 , 0 0 0 . 0 0 1 

1 0 5 , 6 3 0 . 0 0 1 

— 

1 1 0 . o o r 

n.oot J 
2 9 . 0 0 1 J 
61.0011 

3 4 0 . 0 0 1 
3 1 . 0 0 1 J 

2 7 0 . 0 0 1 
1 1 0 . 0 0 1 

3 4 . 0 0 1 J 

6 . 2 C I J 

— 
— 

7 , 6 0 9 J 
9 . s t a J 

— 
3 7 . 0 0 0 J 

9 . 0 M J 
4 4 . 0 0 1 J 
3 7 . 0 0 1 J 
3 7 , o m J 

i : , o : < i J 
3 3c,c>:>: 

i : , o : o J 
3 3 , 0 : ' : J 

"?, O'C J 
? , ' t o J 

«,?•:>: J 

— 

— 

1 , 4 7 2 , 2 1 0 

7 , 6 6 0 . 0 0 1 

— 

2 7 0 , 0 0 0 

— 

— 

— 
— 
— 

5 . 7 0 0 , 0 0 0 
3 4 0 , 0 0 0 

1 . 6 0 0 , 0 0 0 

7 . 9 1 0 , 0 0 0 

1 . 3 0 0 , 0 0 0 

_ 
— 
— 
— 

— 
1 0 , 0 0 0 

8 , 1 0 0 

— 

9 , 0 0 0 
5 . 1 0 0 

— 
1 0 , 0 0 0 

6 , 3 0 0 

— 
7 3 , 0 0 0 
1 9 , 0 0 0 

5 , 0 0 0 
8 5 , 0 0 0 
8 3 , 0 0 0 

3 9 , 0 0 0 

— 
4 1 , 0 0 0 

— 
5 9 . 0 0 0 
3 8 . 0 0 0 
3 7 , 0 0 0 
1 5 , 0 0 0 

1 6 , 0 0 0 

5 5 8 , 5 0 0 

1 9 6 , 0 0 0 

J 

J 

J 
J 

J 
J 

3 
3 

3 
3 

J 

J 

J 
J 

3 

3 

— 

— 

130,TOO J 
3 9 0 , 0 3 0 

— 
— 

1 , 0 0 0 . 0 0 0 
4 2 0 , 0 0 0 
7 5 0 , 0 0 0 

2 , 7 5 9 , 0 0 0 

— 

5 ,730 J 

— 
— 
— 

— 
8 5 , 1 0 0 
3 4 . 1 0 0 J 

— 

— 
— 
— 

9,WO J 

— 
2 7 . 0 0 0 J 

6 , 1 0 0 J 

— 
3 5 , 1 0 0 J 
30 ,300 J 

1 6 . 1 0 0 J 

— 
1 5 . ^ 0 0 J 

— 
22 . ' :00 J 
12 ,100 J 
12 .300 J 

— 

— 

3 0 9 . 4 0 0 

1 , 7 3 0 . 0 0 0 

» 0 , 0 0 0 J 

3 9 , 0 0 0 J 

4 3 , 0 0 0 J 
1 8 0 , 0 0 0 J 
1 6 0 , 0 0 0 J 

— 
1 , 2 0 0 , 0 0 0 

7 7 0 , 0 0 0 
4,COO,000 

6 , 5 3 6 , 0 0 0 

— 

_ 
— 
— 
— 

— 
1 2 0 , 0 0 0 

2 9 , 0 0 0 J 

— 

7 , 3 0 0 J 

— 
— 

9 . 1 0 0 J 
6 , 3 0 0 J 

— 
5 5 , 0 0 0 
1 3 , 0 0 0 J 
3 3 , 0 0 0 J 
6 5 , 0 0 0 
6 7 , 0 0 0 

3 1 , 0 0 0 .' 

— 
3 2 , 0 0 0 .-

— 
2f. ,000 ,-
2^1,000 .-
3 0 , 0 0 0 .-
1 4 , 0 0 0 -

1 6 , 0 0 0 J 

5 7 7 , 7 0 0 

2 . 8 4 1 . 0 0 0 

4 - 1 0 4 



r<ible 4 - 1 3 ( C o n t . ) 

S u a b l e C o l l e c t i o n I n f o r a a t l o n 
and P a r a m e t e r s 

S a a p l e IKiabar 
rs35 

CXite 1 3 / 1 3 / 8 7 
F i n e 1140 
e l s ' O r g a n i c T r a f f i c R e p o r t Nuaber ES435 
nJ= I n o r g a n i c T r a f f i c R e p o r t Nuaber MES023 

Conyound D e t e c t e d 
( \ 'Alues i n vg/Tcg) 

V c i l a t i l e O r c a n i c s . 
iw i ihy lene c h l o r i d e 
• •iretone 
c^irbon d i s u l f i d e 
1 . 1 - d i c h l o r o e t h e n e 
1 . 1 - d i c h l o r o e t h a n e 
t i a n s - 1 , 2 — d i c h l o r o e t h e n e 
c h l o r o f o r m 
2 - l x j t a n o n e 
1 , 1 , 1 - t r i c h l o c o e t h a n e 
c<irbon t e t r a c h l o r i d e 
1 , 1 . 2 , 2 - t e t r a c h l o r o e t h a n e 
t i i c h l o r o e t ) > e n e 
b e n z e n e 
2 - h e x a n o n e 
t e t r a c h l o r o e t h e n e 
t c i l u e n e 
e t h y l b e n z e n e 
t o t a l x y l e n e s 

5 9 . 0 0 0 J 

5 6 , 0 0 0 

7 5 . 0 0 0 J 

3 8 . 0 0 0 J 
2 6 0 . 0 0 0 
2 4 0 , 0 0 0 J 

1 , 5 0 0 . 0 0 0 
6 7 0 , 0 0 0 

3 , 3 0 0 , 0 0 0 

I c i t a l V o l a t i l e O r g a n i c s 6 , 1 9 8 , 0 0 0 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
V o l a t i l e O r g a n i c s 

S t a i v o l a t i l e O r g a n i c s 
pt ienol 
I,2-dichlorobenzene 
2-<iethylphenol 
(-«ethylphenol 
l i t r o b e n z e n e 
i s o p h o r o n e 
2 , 4 - d i i i i e t h v l p h e n o l 
n a p t h a l e n e 
2 - * e t h y l n a p t h a l e n e 
d i a e t h y l p h t h a l a t e 
a c e n a p h t h y l e n e 
a c e n a p h t h e n e 
d i b e n z o f u r a n 
l i e U i y l p h t h a l a t a 
f l u o r e n e 
14-ni t r o s o d l p h e n / 1 a a i n e 
jpetitacfalo r o p h e n 9 l 
i p t ^ n a n t h r e n e 
a n t h r a c e n e 
d i - ^ » - b u t y l p h t h a l a t e 
f l u o r a n t h e n e 
fTjTene 
t n i ' : y l b e n z y l p h t h a l a t e 
b<>i i ro (a ) i !n th r»cene 
b: s ( 2 - e t l , y l h e x y 1) p h t h a l a t e 
c^iJ^N'Sene 
d: - n - o c t ^ I p h t h a l a t e 
tM>nio(bK l u o r a n t h e n e 
b<-iizo ( k ) i l u o r a n t h e n e 
b'-MZo(»)[:Yr«n« 
iri<ieno(l , 2 , 3 - c d ) p y r e n e 
d i > > e n z o ( a , h ) a n t ) ) r a c e n e 
b 4 - n z o ( g , h , i ) p e r y l e n e 

T o t a l S e m i v o l a t i l e O r g a n i c s 

T o t a l T e n t a t i v e l y I d e n t i f i e d 
Si-mi v o l a t i l e O r g a n i c s 

— 
— 
— 

8 3 , 0 0 0 
2 5 . 0 0 0 J 

— 
— 

7 , 1 0 0 J 
4 , 1 0 0 J 

— 
7 . 8 0 0 J 
7 . 1 0 0 J 

— 
C 3 . 0 0 0 
I S . 0 0 0 J 

— 
6 4 , 0 0 0 
1 7 , 0 0 0 

— 
•7,OOC J 

— 
38,OOC J 

:2.ooc -
3 2 , O O C Z 

:<:,ooc .-
5-(.00C -• 
IS,OOC J 

— 
1 7 , 0 0 0 J 

5 7 8 , 1 0 0 

1 . 9 4 4 . 0 0 0 



: -able 4 - 1 3 ( C o n n . ) 

S a a p l e C o l l e c t i o n I n f o n a a t i o n 
uTtd. P a r a m e t e r s XSOl 3CS02 

Saaf>l« Nuaber 
ZS03 XS04 I S 0 5 XS06 

I ' e s t i c i d e s / P C B s 
i lndosuLfan s u l f i t e 
<rblordj»ne 
. \ : c i I o : : 1 ? 1 8 -
A r c c l o : : 1260 

2,500 

, 5 2 . 0 0 0 
1 1 , 0 0 0 

4 , 3 0 0 

T c t a l P e s t i c i d e 5/PCBs 3,500 53 .000 1 5 , 3 0 0 

T c t a l T e n t a t i v e l y I d e n t i f i e d 
Pe s t i c i des/l»CBs 

, \ r a l y t e D e t e c t e - i 
,^a l u e s i n wg/k J) 
i i l u a i n u a 
. i r t i a o n y 
.It s e n i c 
l ^ a r i u a 
l > « r y l l i u a 
c«<tei<ai 
c a l c i u m 
<:h r o a u u a 
c o b a l t 
t r cppe r 
. i ron 
l e a d 

l u c m e s i u m 
l u n g a n e s e 
iM r c u r y 
n i c l c e l 
]x: tassiuff i 
: s « l e n i u a 
: ; i l v e r 
scct iua 
t h a l l i u a 
v a n a d i u a 
t i n e 
'TV a n i d e 

T c t a l I n o r g a n i c s 

4,810 * 

10.8 * 
553 E 
0.45 Fs 
3.7 

77,300 
96.5 E* 
6.4 B 
133 N 

19,300 E 
2,600 E 
16,100 

545 E* 
0.6 
44.3 E 
60S BE 

376 B 

7,420 • 
18.3 N 
13.9 s* 
430 E 
0.74 B 
5.8 

49,700 
1,510 E* 
12.2 B 
274 N 

116,000 E 
677 E 

14,200 
764 E» 
0.7 
66.2 E 
1,140 BE 

8,010 
29.1 
16.6 

399 
0.66 
3.4 

40,300 
41.3 
20.8 

209 
86,500 

318 
11,600 

628 
0.6 
28.3 
1,870 

N* 

s 
N» 
B 

• 
« 
* 
E 

* 
* 
E* 

* 

• 
EN* 
E 

11.400 

— 
9.9 
57.8 
0.50 

5.820 
23.6 

8.0 
30.6 

19.400 

29.4 
5.250 
216 

— 
22.7 

2.720 

+ 

aw* 
B 

• 
• 
BE 

* 
« 
s* 

* 

EN* 
E 

17,700 

— 
23.7 

63.5 
1.1 

6,160 
72.0 

14.0 
37.1 

44,800 
46.3 

7,510 
339 

38.9 
3,800 

• 

t r 
B 

• 
« 
BE 

« 
* 
E« 

« 

EN* 
E 

11.400 

— 
13.4 s 
57.5 t r 
0.55 B 

67,700 • 
20.3 • 

9.6 BE 
25-5 * 

20,300 • 
15.7 s* 

26,600 • 
402 

30.3 EN 
2,240 E 

572 B 1.050 B 578 B 

19.9 E 22.5 E 
900 E 2.030 E 
0.79 R* 0.98 H* 

123,304.44 194,286.32 

44.4 E« 
820 E 

— 

151,311.16 

23.4 E* 
879 E 

— 

46,940.9 

43.4 E« 21.4 E 
113 E 53.4 C 

— — 

81,339 128,889.65 

4-106 



T i t l e 4-13 (Cont . ) 

S tap le C o l l e c t i o n Infonaa t ion 
aiK Pa raaa t ec s XS07 XS08 

Saaple Nuaber 
XS09 XSIO XSll XS12 

Pa^ t i c ides /PCBs 
Eiccisulfan s u l f a t e 
Clio rda ne 
. K : - : r : i o t i : r ^R " -

Arcclor 1260 

18,000 
•63.CC0_ 

3,600 8,700 
.•t_5._000 

11,000 
37,000 67,000 

~:t.al Pes t ic ides /PCBs 81,030 3,600 53,700 38,000 67,000 

~ : t « l T e n t a t i v e l y I d e n t i f i e d 
?»«ticides/P<rBE 

XTJ l y t e Detected 
(-a l ue s in wg/Vc) 
ali.jninum 
*;it imony 
a r s e n i c 
bac iun 
baiyl l iuL-
ctclmium 
calcitim 
di i omiua 
os l ia l t 
C3pf>«r 
i CCTI 

l»ad 
aacmesiua 
s inganese 
•aixoiry 
iiic:kel 
p^t a s s i u a 
se 1eniua 
s i l v e r 
s>:liuB 
^!\a:lllua 
Ttriadiua 
z inc 
cfiinlda 

Tota l Inorganicf 

12,000 
13.9 
19.-'. 

876 
0.89 

6 . 9 
64,500 

334 
16.0 

592 
28,200 

1,540 
21,500 

648 
C.7 
251 

1,880 

— 
1,280 

— 
26.5 

1,500 
4 . 2 

135,179.49 

BN* 
s 
N* 
B 

« 
* 
* 
E 

* 
* 
E* 

* 

* 
EN* 
E 

E* 
E 
14* 

10,000 
14.5 
30.9 

5 5 5 
1 .2 
7 . 7 

33,800 
385 

15.0 
302 

33,100 
1,560 
9,990 

858 
1 .0 
108 

1,590 

— 
1,310 

— 
39.5 

1.000 
1.2 

94,669 

3N* 

yr 
3 

. 
• 
. 
E 

• 
• 

E* 

* 

« 
EN* 
C 

E* 
E 
t r 

5,460 

— 
19.8 
59.1 

1.4 
7 . 0 

12,200 
16.0 

6 . 8 
29.2 

23,600 
77.4 

2,630 
471 
3 .4 
102 

1,560 

— 
1,130 

— 
53.7 

430 

— 

47,836.8 

s 
t r 
B 

« 
• 
* 
BE 

• 
« 
E* 

* 

« 
EN* 
E 

B 

E* 
E 

117 

1,390 

— 
7 . 6 

49.3 
0.44 

— 
58.200 

15.1 
7 . 9 

14.6 
17,300 

11.3 
51.300 

558 

— 
19.7 

1,490 
3 . 3 

5 3 5 

— 
20.9 
44.7 

— 

,857.84 

s 
BN* 
B 

• 
* 
BE 

« 
• 
s* 

. 

o r 
E 
N 

B 

E* 
E 

103 

6,300 
47 
14 

1.330 
0.67 
12.7 

32,300 
1.120 

27.2 
345 

40,700 
4.580 
9,630 

656 
4 . 4 

1.830 
930 

— 
609 

— 
13.3 

2.450 
1 .0 

,790.27 

t r 
4-

t r 
B 

• 
• 
• 
E 

• 
• 
E* 

« 

• 
EN* 
BE 

B 

E* 
E 

m* 
140 

8,070 
30 S-

17.3 s 
1,250 • -

0.50 a 
20.2 * 

41,200 * 
1,030 • 

20.2 C 
574 * 

65,100 * 
4,620 E* 

10,900 * 
847 
9.7 • 

82.1 EN 
936 BE 

— 
937 B 

0.88 BW 
30.3 E* 

4,530 e 
2.2 •* 

,197.38 

4 - 1 0 7 



T a b l e 4 - 1 3 ( C o n t . ) 

S a a p l e C o l l e c t i c n I n f o r a a t l o n 
a n d P a r a a a e t e r s XS13 XS14 

S a a p l * N u a b e r 
XSI5 XS16 XS17 ZS18 

l e s t i c i d e s / P C B s 
E n j o s u l f a n s u l f i t e 
C h l o r d a n e 
J.I i e l c i - 1213 • -
; , r D c l o r 1260 

T o t a l P e s t i c i d e ! / P C B s 

l o t a l T e n t a t i v e l y I d e n t i f i e d 
I ' e s t i c i d e s / P C B s 

f i n a l y t e Detec te<[ 

( v a l u e s i n mcAM) 
filaminum 
i.ntimoeiy 
< r s e n i c 
t>a r iua 
t i e r y l l i u a 
<tadaiua 
c : a l c i u a 
<rhro«uua 
c o b a l t 
cropper 
i r o n 
l e a d 
i s a g n e s i u a 
i t a n g a n e s e 
n e t c u r j ' 
n i c l c e l 
| > o t a s s i u a 
i . e l e n i u a 
l i i l v e r 
l iOdiua 
< : h a l l i u a 
v a n a d i u a 
: : i n c 
<:y a n i d e 

T o t a l I n o r g a n i c ; 

4,300 

4,300 

5 , 5 6 0 

3 9 . 5 
362 

0 . 5 8 , 
3 . 1 

2 8 , 5 0 0 
177 
9 . 7 
133 

3 2 . 5 0 0 
1 ,100 
7 , 7 9 0 

459 
1 ,9 

4 3 . 2 
9 6 5 BE 

3 N 

BE 

EN* 

412 B 

1 6 . 2 E* 
1 .860 E 

0 . 9 3 t r 

5 , 5 0 0 
46^000 

5 1 , 5 0 0 

6 , 0 0 0 
16 N 

1 3 . 3 s 
637 N 

0 . 4 6 B 
1 3 . 8 • 

4 4 , 0 0 0 * 
553 * 

14.3 C 
280 * 

39,300 * 
3 , 6 4 0 E< 

1 1 , 9 0 0 • 
470 
3 . 6 * 
370 
838 

EN* 

BE 

853 B 
0 . 6 5 BW 
1 7 . 6 E* 

3 . 6 7 0 E 
1 .2 H* 

1 1 , 5 0 0 
3 9 . 9 
1 9 . 9 

857 
0 . 8 6 
6 0 . 4 

5 1 , 0 0 0 
1 .220 

2 9 . 1 
405 

2 3 , 5 0 0 
3 , 9 1 0 

1 4 , 3 0 0 
1 ,340 

3 . 4 
260 

1 ,230 
EN* 
BE 

839 B 

2 4 . 4 E* 
1 .790 E 

1 5 . 5 M* 

6 , 3 3 0 
2 7 . 3 
1 3 . 6 

588 
0 . 3 6 
3 3 . 5 

5 6 , 0 0 0 
817 

1 4 . 9 
288 

38,300 
3 , 6 5 0 

3 4 , 4 0 0 
395 
3 . 3 
160 
984 

EN* 
BE 

1,040 B 

1 3 . 7 E* 
2 , 4 6 0 E 

6 . 5 N* 

7 9 , 8 2 6 . 1 1 1 0 1 , 5 9 0 . 9 1 1 1 2 , 2 4 4 . 4 6 1 3 5 , 4 3 5 . 1 6 

7,840 
43 .3 J! ' 

7 .1 s 
1 ,180 t r 

0 . 3 7 B 
3 6 . 4 * 

3 7 , 0 0 0 * 
1 , 9 3 0 * 

2 0 . 2 E 
539 * 

1 6 . 7 0 0 * 
7 , 8 9 0 E* 

1 3 , 4 0 0 * 
304 
8 . 7 * 
103 ES* 

1 ,410 BE 
3 . 3 K 

1 ,080 B 

18 E* 
2 , 0 6 0 E 

2 5 . 2 t r 

9 1 , 5 8 7 . 4 7 

I S . 7 0 0 J 

4 i . 7 0 0 

S .150 
9.4 

16 
290 

22 
39 ,500 

419 
20 

194 
2 4 . 6 0 0 

1 .350 
1 4 . 0 0 0 

475 
2 . 3 
48 

1.650 

BN 

N* 

1,340 B 

33 
2 . 0 5 0 E 

2 . 0 -

9 5 , 1 5 9 . 7 

4 - 1 0 8 



T a l i l e 4 - 1 3 ( C o n t . ) 

S a i f j l e C o l l e c t i c n I n f o r a a t l o n 
an<l P a r a m e t e r s XS19 XS30 

Saaf>l« Nuaber 
XS31 XS23 XS23 XS24 

p e s t i c i d e s / P C B s 
CrKi<}Sulfar. s u l f a t e 
C h ! o r d a n e 
«.r:Krlor i : H .. ,. _ . 
Ac<K:lor n e O 

Toi.iil Pes t i c i d e s / P C B s 

Te l . a l T e n t a t i v e l y I d e n t i f i e d 
P e ' ; t i c i d e . . / P C B s 

AnJi l y t e D » t e c t e c 
( v a l u e s i n a g / k c ) 
a l i m i n u n 
a n t i m o n y 
a r s e n i c 
b a r i u m 
b e i r y l l i U B , 
ca<taiiua 
c a l c i u a 
c h r o a i u a 
co lva l t 
cci>per 
i n w i 
l e a d 
B>a'}nesiuB 
•laivganese 
a * r c u r y 
r i c k e l 
( o " a s s i u m 
f e l e n i u a 
s i l v e r 
s o l i u m 
t h a l l i u m 
^ ' a i a d i u a 
i:iric 
c y a n i d e 

l ^ i t a l I n o r g a n i c : : 

1 6 5 , 0 0 0 J — 

3 9 0 , 0 0 0 3̂ 2 b , 0 b T 

5 5 5 , 0 0 0 3 2 0 , 0 0 0 

1 6 . 3 0 0 

88,000 

104,300 

14,300 J 

14,300 

13 .100 J 

1 3 . J 0 0 

4,740 
23 

5.4 

833 
8.3 
32 

20,500 

1.290 
19 
366 

12,900 
6,040 

65,000 
348 

0.47 

61 
698 

— 
— 

1,600 

— 
15 

5.670 

109 

130.156.07 

N 

N 

* 

N* 

B 
E 

3,070 

6.2 
78 

— 
3.7 

5,020 

88 
5.53 
39 

7,100 
257 

3,190 
74 

0.33 
15 

426 
2.20 
1.56 

1,280 

— 
7.66 
357 
1.4 

19,023.58 

R 

B 

• 

N* 

SN 
BN 

B 
E 

1,840 

12 
291 

— 
11 

45,900 
79 
6.2 
107 

2,920 
508 

22,600 
434 

0.48 
24 
358 

0.90 

— 
997 

— 
18 

1,300 

— 

77,406.58 

N 

B 

« 

N* 

BN 

B 

E 

93 

9,950 

14 
188 

— 
3.17 

46,300 

44 
7.57 

43 
19,100 

399 
14,400 

528 
0.25 
29 

1,920 

— 
— 
596 

— 
25 
221 
2.5 

,670.49 

N 

B 

• 

N* 

B 

C 

9,130 

11 
86 

— 
2.55 

49,100 
48 

9.68 
50 

21.200 

175 
17.500 

397 
0.26 
35 

2.070 

— 
— 
568 

— 
34 
286 
— 

109,692.49 

R 

B 

• 

K* 

B 

E 

5.180 

3.3 s 
389 

— 
3.42 N 

5*. 500 
1.040 
1.8 
38 

7.670 • 
4.590 

If.200 
238 

t.84 N' 
T.97 B 
777 

— 
— 
614 B 

— 
17 

488 e 

— 

93,755-33 
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T i t l e 4-13 (Cont . ) 

Saaple C o l l e c t i o n I n f o r a a t l o n Saaple Nuaber 
a-Kl Pa raae t e r s XS25 

Past ic ides/PCBs 
Kiclosulfan s u l f a t e — 
Cilord«;ie 41,800 J 
;^rr^:!<xv,i:48-. . _. . _ _ - -
Arcclor 1260 — 

TJ ta l r*s t i c ides /PCBs 41,800 

T s t a l Ten ta t ive l , - I d e n t i f i e d — 
Pe5tici3es/P<:Bs 

AJT« l y t e Detected 
'. Ĵ  lues in mg/kg) 
aUminua 5.530 
ant iacxrf — 
a r s e n i c 10 
b i i i u a 340 
b u y l l i o a — 
cadnion 3.64 N 
c a l c i u i 47.500 
ctiioaiiaa 445 
c o b a l t 6.63 B 
cofiper 110 
i ron 12.500 • 
lecd 2.010 
nicmesium 13,300 
manganese 385 
meicniiy 0.68 N* 
n i c k e l ' 27 
pot assium 773 
se l en ioa — 
s i1vcr — 
sscliua 754 B 
t i t l l i o a — 
vanadiaaa 21 
zinc: 708 E 
Cftni&a — 

Tota l Inorgan ics 84,423.95 

— Not c ie tected. 
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Tabl« 4-13 ( C o n t . ) 

C.OIPOUND 
QirALiri iaiS 

J 
B 

DcruuiiuM 

I n d i c a t e s a n e s t i a a t e d v a l i a a . 
' . ^ : 5 f l a g i s u s e d wbao t h a coapo«a>d i s 
foi -ri I n t h e a s s o c i a t e d b l a n k as t>el l a s 
in ^ e 5a>f>le- I t i n d i c a t e s p o s s i b l e / 

{ i r o b a b l e b l a s k c o n t a a i n a t i o a aad u a m s 
:he d a t a u s e r t o t a l t e a p p r o p r i a t e a c t i m . 

-This f I c q - i d a o t i f i - s s roa(iQ«>(is_vhc»*_S:?!- . 
r e n t r a t i o n s e x c e e d tl>e c a l i b r a t i o n r a n s e 
o f t h e GC/MS i n s t r u a c e t f o r t b ^ t s p e c i f i c 
i n ^ l y s i s - 1%is f l a g v i l l n o t a p p l y t c 
o e s t i c i d e s / P C B s a n a l y z e d b y GCEC a e t h c d s . 

mxatPRETAncxi 

Coa^mund v a l u e a a y b e s a a i q u a n t l t a t i v * . 
Coapound v a l u e a a y b e s e m i q u a n t i t a t i v e i f 
i t i s <Sx t h e b lanic c o n c e n t r a t i o n (<10x 
t h e b lan ic c o c t c e n t r a t i o n s f e r coaaaon 
l a b o r a t o r y a r t i f a c t s : { > h t h a l a t e s , a e t h y l e n e 
c h l c r i d e , a c e t o n e , t o l u e n e , 2 - b u t a n o n e ) . 
Coapound v a l u e may b e s e m i i ^ - i a n t i t a t i v e . 
T h e r e s l i o u l d b e a n o t h e r a n a l y s i s w i t n a ' u 
c j u a l i f i e r , wh ich i s t o b e u s e d -

iiiNAlYTE 
C«»1JFIER£ DEFINITION INTniPRETATZCK 

B 

W 

S s t i a i a t e d o r n o t r e p o r t e d d u e : o i n t e r f e r -
a n c e . S e e l a b o r a t o r y n a r r a t i v e . 
• u i a l y s i s by J Ia thod of S t a a d a r d A d d i t i o n s . 
SpUce r e c o v e r i e s o u t s i d e QC p r o t o c o l s , 
rrtiich i n d i c a t e s a p o s s i b l e a a t r i x p r o b l e a . 
t>ata a a y b e b i a s e d h i g h o c l o v . S e e s p i l t * 
r e s u l t s a n d l a b o r a t o i j - n a r r a t i ' r e . 
D u p l i c a t e v a l o * o u t s i d * QC p r c t o c o l s «fticfa 
i n d i c a t a s a p o s s i b l * a a t r i z p r s b l a a . 
C o r r e l a t i o n c o e f f i c i e n t f o r s t a n d a r d 
a d d i t i o n s i s l a s s t h a n 0 . 9 9 5 - S«e r e r r e w 
and l a b o r a t o r y n a r r a t i v e . 
Vain* i s r e a l , b u t i s a b o « « i s s t n i a a n t DL 
and b e l o w CSEZ.. 

P o s t - d i g e s t i o n s p i k e f o r f a m « c e I A 
a n a l y s i s i s o u t o f c o n t r o l l i a d t s ( 3 5 - 1 1 5 * 1 , 
w h i l e s a a p l e a b s o r b a n c c i s < i S \ o f spiJce 
a b s c r b a n c c . 

A n a l y t e o r e l e a e n t v a s n o t d e t e c t e d , o r 
v a l u e a a y b e s e a i c j u a n t i t a t i v e . 
V a l o * I s q u a n t i t a t i v e . 
Valir* n a y b e q u a n t i t a t i v e c r s e a i -
q u a a t l t a t i v e . 

V a l o * a a y b * q u a n t i t a t i v e o r s * a i -
q o a s t i t a t i v e . 
Data v a l u e a a y b * b i a s e d . 

V a l o * a a y be c j u a n t i t a t i v c c r s e a d . -
c j u a a t i t a t i v e . 
V a l u * a a y b e s e a i q u a n t i t a t l v e . 

The f o l l o w i n g r e v i s i o n s w e r e aada i n t h i s t a b l e t o t h * q c a l i f i a r s t h a t a p p e a r i n t h e o r g a n i c and i a o r g a n i c 
a n a l y t i c a l d a t a s h e e t s . S o a e s a a p l e s war* a n a l y z e d aaider a n o l d e r S t a t a a a n t o f Work (SOW)- Q u a l i f i e r s u s e d 
i n t h i s t a b l e r e f l e c t q u a l i f i e r o s a g * t n d e r t b e c a r r e n t SJM. 

O l d 

I ) 
New 

E c o l o g y anci E n v i r o n n e n t . I n c . 1 9 9 0 . 
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Concentration in ng/kg (ppb) 

VOC 

SEMIVOL 

PEST. 

PCB 

LEGEND 

Sample 
Numljer 

• X.S??. 

M XS23 

M X.SP.4 

• XS?5 

Sample 
Depth 

3FT 

5FT 

7.5 FT 

10 FT 

ND NOT DETECTED 

SOURCE: Ecology and Environmont, Inc. 1990. 

FIGURE 4 -25 ORGANIC COMPOUNDS DETECTED IN TPOl 
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Concentration in jig/kg (ppb) 
2 3 4 5 6 

IC U 10 10 10 

VOC 

SEMIVOL. 

PEST. 

PCB 

LEGEND 

Sample 
Number 

• XS07 

M XS08 

H XS09 

Q xsio 

Sample 
Depth 

3FT 

5FT 

7FT 

10FT 

t c NOT DETECTED 

SOURCE: Ecology snd Enviroomenl, inc. 1990. 

FIGURE 4 -26 ORGA',': COMPOUNDS DETECTtD IN TP02 
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Concentration in jig/kg (ppb) 
3 4 5 6 

10 10 10 10 
I i . i 

VOC 

SEMIVOL. 

PEST. 

PCB 

LEGEND 

Sample 
Number 

• XSll 

M XS12 

E3 XS13 

• XS14 

Sample 
Depth 

3FT 

6FT 

8FT 

10 FT 

ND NOT DETECTED 

SOURCE: Ecology and Enviroom«nt. Inc. 1990. 

FIGURE 4 -27 ORGANIC COMPOUNDS DETECTED IN TP03 
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Co'centraticn in ng-Vg (ppb) 
4 5 6 

10 10 10 10 
-I 1 ^ 

SEMIVOL. 

PEST. 

PCB 

ND 
ND 

LEGEND 

Sample 
Number 

• XS16 

M XS17 

M XS18 

m XS19 

D XS20 

D XS21 

Sample 
Depth 

3FT 

sn-

10FT 

i5Fr 

20FT 

2y- i 

ND NOT DETECTED 

SOURCE: Ecology and Environment, Inc. 1990. 

FIGURE 4-28 ORGANIC COMPOUNDS DF"ECTEC N TPO^ 
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Concentraaon in ^ig/kg (ppb) 
3 4 5 6 

10 10 10 10 

VOC 

SEMIVOL. 

PEST. 

PCB 

ND 
ND 
ND 
ND 

ND 
ND LEGEND 

Sample 
Number 

• XSOl 

m XS02 

• XS03 

B XS04 

D XS05 

D XS06 

Sample 
Depth 

1FT 

3FT 

6FT 

BFT 

12FT 

13 FT 

ND NOT DETECTED 

SOURCE: Ecology and Environmont. Inc. 1990. 

FIGURE 4 -29 ORGANIC COf.'.=OUNDS DETECTED IN T=05 
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S«3inivolatiles. Semivolatile compouncls were detectecJ in all 

excava:ion soil sanples. Table A-13 summarizes analytical results of 

semivo.Latiles and Figures 4-25 through 4-29 present the distribution of 

total ;;emivolatiles vith respect to depth at each excavation location. 

Thirtj'-three semivolatile compounds vere detected including"17 PAHs, (j 

phthalates, 5 pheool isomers, 1 halogenated aromatic, 1 nitrogen aro

matic, 1 hydrocarbon, 1 aromatic, and 1 aromatic-amine. 

Vi\Es vere detected in all 25 excavation soil samples in concen

trations ranging from 74 pg/kg fluoranthene in XS05 (TP05) to 410,000 

Mg/kg napthalene in XS19 (TP04). Napthalene, 2-methylnapthalene, 

phenan':hrene, fluoranthene, and pyrene vere all detected in 24 samples, 

making these compounds the most frequently detected. Napthalene 

concern:rations ranged from 260 pg/kg in XSIO (TP06) to 410,000 vg/kg in 

XS19 (TP04). Concentrations of 2-methylnapthalene ranged from 120 pg/kg 

in XSIO (TP02) to 200,000 Mg/kg in XS19 (TP04). Phenanthrene concen

trations ranged from 96 pg/kg in XS05 (TP05) to 110,000 pg/kg in XS16 

(TP04), Fluoranthene concentrations ranged from 74 yg/kg in XS05 (TP05) 

to 86,000 ug/kg in XSOl (TP05), and pyrene concentrations ranged fron 

110 Mg/kg in XS05 (TP05) to 100,000 ug/kg in XSOl (TP05). 

Phthalates vere detected in 24 of the 25 excavation soil samples. 

PhthaJ.{ite concentrations ranged from 130 ug/kg bis(2-ethylhexyl)-

phthalaite and dl-n-butylphthalate in XS05 (TP05) and XSIO (TP02), 

respectively, to 810,000 ug/kg bis(2-ethylhexyl)phthalate In XS20 

(TP04), The most frequently detected phthalate vas bis(2-ethylhexyl)-

phthal.<ite, vfaich vas detected in 21 excavation soil samples. 

P(ienol isoaers vere detected in 17 samples in concentrations 

ranging: froa 140 ug/kg 2,4-diBethylphenol in XSIO (TP02) to 200,000 

Ug/kg phenol in ZS19 (TP04). Phenol vas the most frequently detected 

isomer and vas found in 14 saaples in concentrations ranging from 190 

Ug/kg in XS05 (TP05) to 200,000 ug/kg in XS19 (TP04). 

The halogenated aromatic, l,2-dichloroben2ene, vas detected in 3 

samplej; in concentrations ranging from 7,400 ug/kg in XS17 (TP04) to 

37,OOC' ug'̂ kg in XS19 (TP04). Nitrobenzene was the nitrogen aromatic 

detect(!d only in XS17 (TP04) at 33,000 ug/kg. The hydrocarbon, iso

phorone, vas detected in 11 samples in a concentration range of 110 

Ug/kg in XSIO (TP02) to 640,000 ug/kg in XS16 (TP04). Dibenzofuran is 
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an arootatic vhich vas detected in 15 samples vith concentrations ranging 

from 5«i ug/kg in XS06 (TP05) to 18,000 ug/kg in XS12 (TP03). An 

aromatic-amine, N-nitrosodiphenylamine, vas detected in 12 samples in 

concemrations ranging from 590 ug/kg in XS06 to 20,000 ug/kg in XS19 

(TP04). -

Ibrcavation soil saaple XS19 (TP04) had the highest total 

semivolatile concentration at 2,855,700 ug/kg. This sample also 

contained the greatest number of semivolatile compounds, vhich vas 28. 

Pesticides. Chlordane and Endosulfan sulfate vere the only 

pesticides detected in the excavation soil samples. Chlordane vas 

preseni; in 13 samples' in'cohcehtrations ranging from 3,600 ug/kg in XS08 

to 165,000 ug/kg in XS19 (TP04). Endosulfan sulfate vas only detected 

in XSO:. (TP05) at 2,500 ug/kg. 

PCBs. Aroclor 1248 and Aroclor 1260 vere the only PCBs that vere 

detect«!d in a total of 11 excavation soil samples. Aroclor 1248 vas 

found :.n 7 samples in concentrations ranging from 4,200 ug/kg in XS04 to 

67,000 ug/kg in XS12 (TP03). Aroclor 1260 vas detected in 4 saaples in 

concenirrations ranging froa 30,000 u^/kg in XS18 (TP04) to 390,000 ug/kg 

in XS19 (TP04). 

T::CS. TICs detected in the 25 excavation soil samples consisted of 

107 volatile compounds and 455 semivolatile coapounds. 

Compounds coaonly identified in several samples include unknovn 

hydrocjirbons, unknovn PAHSt ketones, alcohols, alkyl phenol isoaers, 

alkyl lienzene isoaers, aliphatic hydrocarbons, cyclic hydrocarbons, 

phthalsites, carboxylic acids* esters, and alkyl PAH isomers. 

L4!ss frequently identified coapounds included benzofluoranthene, 

isomer:;, a phthatic auihydride, an oxirane, 3,3,5-trimethyl cyclo

hexanone, 3,3,5-trimethyl cyclohexanol, and benzene sulfonamide. 

"norganics. Analytical results of inorganic analytes detected by 

T/!L aiLilysis of excavation soil samples are presented in Table 4-13. 

Figure.3 4-30 through 4-34 exhibit the distribution of selected analytes 

vith ri»spect to depth at each excavation location. Table 4-14 shovs the 
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Cofxentration in mg/kg (ppm) 
1 2 3 

10 10 10 
J • • i l . ^ — 4 „ 

Mercury 

Nickel 

m^^mi^^ss^s :^ i \ 

Cyankte - - ND 
ND 
ND 

LEGEND 
1 S împle 

Number 

• XS22 

S XS23 

\ M XS24 

E l XS25 

Sampie 1 
Depth 

3FT 

5FT 

7.5FT 

10FT 

ND NOT DETECTED 

SOURCE: Ecology and Environment, Inc. 1990. 

FIGURE 4-30 SELECTED eX)RGANIC ANALYTES DETECTED W TPOl 
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A 

10 
I 

Concentration in mg/kg (ppm) 
0 1 2 3 

10 10 10 10 
- i — — = J = h= 

AnIin:ony 

Arsenic 

Cacimium 

Chronaum 

Lead 

Metojry 

Mdcel 

Cyankle 

10 

-4 . 
10 

LEGEND 

Sample 
Numtjer 

• XS07 

M XS08 

M XS09 

H XSIO 

Sample 
Depth 

3FT 

5FT 

7FT 

10 FT 

ND NOT DETECTED 

SOURCE: Ecolcgy and Environment. Inc. 1990. 

FIGURE 4-31 SELECTED INORGANIC ANALYTES DETECTED IN TP02 
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Cofxentration in mg/kg (ppm) 
1 2 3 

10 10 10 
J . 

Antimony 

Arsenic 

Cadmium 

Chromium 

Lead 

Mercury 

Nickel 

Cyanide 

LEGEND 

Sample Sample 
Number Depth 

XS11 3 R 

XS12 6 FT 

XS13 BFT 

H XS14 10 FT 

ND NOT DETECTED 

SOURCE: Ecology and Environment. |oc. 
1990. 

FIGURE 4-32 SELECTED WORGAN'IC ANALYTES DETECTED INTP03 
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Concentration in mg/kg (ppnt) 
1 2 3 

10 10 ' 0 
I I 

Antimony 

Arsenic 

Cadmium 

Chromium 

\ jBad 

Mercury 

Nickel 

Cyanide 

Sample 
Number 

• XS16 

a XS17 

• XS18 

m XS19 

n XS20 

D XS21 

Sample 
Depth 

3FT 

5FT 

10FT 

15FT 

20FT 

25FT 

ND NOT DETECTED 

SOURCE: Ecology and Envi ronnent . Ir>c. 1990. 

FIGURE 4-33 SELECTED l^RGANIC ANALYTES DETECTED INTP04 
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Concentration in mg/kg (ppm) 
4 0 1 2 3 

10 10 10 10 

^ntimony -

Arsenic 

Cadmium 

Chromium 

Lead 
jxjs^j;x¥>>>M^jSSKS:a^agSSSgJg | 

X 

Mercxiry 

Nickel 

Cyankle- . 

10 10 

LEGEND 

1 Sample 
Number 

• XSOl 

@ XS02 

• XS03 

H XS04 

D XS05 

D XS06 

Sample 1 
Depth 

1FT 

3FT 

6FT 

BFT 

12FT 

13FT 

ND NOT DETECTED 

SOURCE: Ecology and Environment. Inc. 1990. 

FIGURE 4-34 SEUECTED CK)RGAMC ANALYTES DETECTED IN TP05 
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An a 1 i-t • : . " ip ic«l Rang* i n 

: : o i l s ( n e d i a n ) 

: m g A g ) 

T a b l * 4 - 1 4 

TYPICM. COWCEWntATICBS Of M O k U m S CT SOILS 

VERSUS CDNCENTRXriCKS U.1LC3UJ IW i3CW»XIOK 

SOIL SA.*fPLES COLLECTEI) AT THT U . S . SCRAP SITE 

Rang* i n U . S . S c r a p .•Amber of S a a p l e s 

E x c a v a t i o n S a a p l a s ( • • d i a n ) C o n t a i n i n g A n a l y t e 

(ng/ lcg) 

R u a b a r o f S a a p l e s E x c e e d i n g 

t h * t t i p e r L l m : o f T^-pical 

S o i l l a n g * 

• l u m i r u n 1 0 , OdO- 3 0 0 , 0 0 0 ( 7 1 , 0 0 0 ) 

a n t i a c a r r . 2 0 - 1 0 ( 1 - 0 ) 

a r s e n i c . 1 0 - 4 0 ( 6 . 0 ) 

b a r i u j i ; 0 & - 3 , 0 0 0 ( 5 0 0 ) 

b e o ' l l i ' n . 0 1 - 4 0 ( 1 . 8 0 ) 

c a d a i i B . O l - 2 . 0 ( . 3 5 ) 

c a l c i i i a 7 0 < ( - ! « 0 , 0 0 0 ( 1 5 . 0 0 0 ) 

c h r o a i o i 5 . 0 - 1 , 5 0 0 ( 7 0 ) 

c o b a l t . O S - 6 5 { « . 0 ) 

c o p r e i 2 . 0 - 2 5 0 ( 3 0 ) 

i r o n 2 , 0 0 0 - 5 5 0 , 0 0 0 ( 4 0 . 0 0 0 ) 

l e a d 2 . 0 - 3 0 0 ( 3 5 ) 

a a g n e ^ J z a 4 0 0 - 9 . 0 0 0 ( 5 , 0 0 0 ) 

a a n c a i i e s e 2 0 - 1 0 , 0 0 0 ( 1 . 0 0 0 ) 

a e r c u i T . 0 1 - . 5 0 ( . 0 « ) 

a i a * ] . 2 . 0 - 7 5 0 ( 4 0 ) 

p o t a s i i i n a 8 i ) - 3 7 , 0 0 0 ( 1 4 . 0 0 0 ) 

s c l e n i . « . O l - 1 . 2 ( . 4 0 ) 

s i l ^ - e r . 0 1 - 8 . 0 ( . 0 5 ) 

s c ^ u t 1 > 0 ~ 2 S , 0 0 0 ( 5 . 0 0 0 ) 

t h a l l u n a . 1 0 - 2 0 0 ( 4 . 0 ) 

v j A a d i o a 3 . 0 - 5 0 0 ( 9 0 } 

zixK; 1 . 0 - 9 0 0 ( 9 0 ) 

c y a n i i l a 0 

1,840-17,700 

9.4-47 

3.3-30.9 

49.3-1.250 

0.36-4.2 

2.55-60.4 

5,020-77,300 

16-1,930 

5.53-29.1 

14.6-592 

2,920-116,000 

11.3-12,500 

2,190-65,000 

74-1.240 

0.25-9.7 

7.97-1.830 

358-3.800 

0.9-3.3 

1.56 

376-1.600 

0.65-0.88 

7.66-53.7 

44.7-5.670 

0.79-109 

25 

12 

25 

25 

18 

21 

25 

25 

25 

25 

25 

25 

25 

25 

21 

25 

2S 

5 

1 

23 

2 

25 

25 

15 

I t 

0 

0 

0 

21 

0 

2 

0 

I t 

0 

I f 

2J 

0 

15 

1 

0 

4 

C 

0 

0 

0 

14 

V 

V l l k k n m l l a b l e 

S o u r o i . : Bovan 1 9 7 9 . 
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range oi analytes found in typical soil coapared to the range o£ 

analytes found in the excavation soil sanples at the U.S. Scrap site. 

TM. analysis indicated the presence of anthropogenic coapounds and 

common noil constituents. Constituents considered potentially to be of 

anthropogenic origin included antimony, arsenic, cadaium, chioniium, 

lead, nickel, mercury, ?nd cyanide. Arsenic, chromium, lead, and nickel 

were present in all 25 excavation soil sanples. Concentrations ranged 

from 3.-1 mg/kg in XS24 to 30.9 mg/kg in XS08 for arsenic, 15.1 mg/kg in 

XSIO to 1,930 mg/kg in XS17 for chromium, 15.7 ng/kg in XS06 70 7,890 

ag/kg in XS17 for lead, and 15 mg/kg in XS20 to 1,830 ng/kg in XSll for 

nickel. 

Cadnium and nercury vere detected in 21 sanples each at concentra

tions r.uiging fron 2.7 ng/kg in XSOl to 60.4 ng/kg in XS15 for cadnium, 

and 0.2.5 mg/kg in XS22 to 9.7 ng/kg in XS12 for nercury. 

Cy.inide vas detected in 15 samples at concentrations ranging from 

0.79 mg^'k^ in XSOl to 109 mg/kg in XS19. Antimony was detected in 12 

samples at concentrations ranging from 9.4 mg/kg in XSIS to 47 mg/kg in 

XSll. 

Discussioni •' 

Refer to Table 3-7 for cross-references of sanples to depths. 

TPOl 

Organics. Figure 4-25 illustrates the distribution of total VOC, 

semivolatile, pesticide, and PCB concentrations vith respect to sanple 

depth for TPOl. Fron the figure it can be seen that VOC and semi-

volatile concentrations do not exhibit vide variances vith depth. VOC 

and senivolatile concentrations are slightly lower at the 5-foot depth 

than tte other sanple depths. It can be seen that pesticide concen-

tratioTis increase somewhat with depth. No PCBs vere detected in TPOl. 

Inorganics. Figure 4-30 shows the distribution of selected in

organic analytes according to sample depth. Lead and chromium concen

trations were high at the 7.5-foot depth, showing marked increases from 

the shallower samples. Both lead and chromium concentrations decreased 

at the 10-foot depth, although these concentrations were still higher 

than die concentrations in the shallower samples. Arsenic and nickel 
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did not exhibit vide variances in concentration with depth with the 

exception that the concentrations for both vere lower at the 7.5-foot 

depth. Mercury concentrations increased to the 7.5-foot depth, then 

decreased at the 10-foot depth. Cadmium concentrations showed no marked 

changes with depth. Cyanide was only detected at the 3-foot depth in 

TPOl. ^nfrimony v a s not detected in TPOl. 

TP02 

Organics. Total concentrations of VOCs, semivolatiles, pesticides, 

and PCBs detected in TP02 according to depth are indicated in Figure 

4-26. VOC concentrations did not vary substantially at the 3-foot, 

5-foot, and 7-foot depths, but decreased dramatically at the 10-foot 

depth. Senivolatile concentrations began decreasing at the 7-foot 

depth, emd decreased further at the 10-foot depth. Pesticide concen

trations; from 3 feet deep to 7 feet deep varied with no apparent 

relation to depth. No pesticides were detected at a depth of 10 feet. 

PCBs were not detected at 5 feet or 10 feet, only at 3 feet and 7 feet. 

Concentrations at 3 feet and 9 feet were similar. 

Inorganics. Figure 4-31 depicts the distribution of selected 

analyte concentrations relative to dWpth. Overall, inorganic con-

stitueni:s vere observed to decrease in concentration vith depth. 

Arsenic, chromiun, lead, and nickel vere present in all samples 

exhibitrlng a notable decrease in concentration vith depth. Cadmium 

displa3'̂ <*d no notable c h a n g e in concentration through the 7-foot depth; 

then at 10 feet cadniun vas not detected. Antimony concentrations did 

not var;^ fron 3 feet to 5 feet, but vere absent altogether at 7 feet and 

10 feet. Hercury exhibited an Increase in concentration up to the 

7-foot <lepth; hovever, at 10 feet, mercury vas absent. Cyanide 

concentrations also decreased from the 3-foot sample to the 5-foot 

sample. No cyanide vas detected at 7 feet or 10 feet. 

TP(:)3 

Organics. Figure 4-27 illustrates total VOC, semivolatile, 

pejJticide, and PCB concentrations relative to sample depth. VOC 

concentrations increased from the 3-foot depth to the 6-foot depth, then 

decreased at the 8-foot horizon. Concentrations at the lO-foot depth 
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exliibited an increase fron the 8-foot depth. Semivolatile concentra

tions also increased from 3 feet to 6 feet, then decreased. Overall, 

pesticides and PCBs exhibited a decrease in concentration vith depth. 

No pesticides vere detected at 6 feet, and no PCBs vere detected at 8 

fe«t. 

Inorganics. Figure 4-32 illustrates selected analyte concentra

tions detected in samples from TP03 relative to sample depth. Antimony, 

cadmium, chrocium, lead, nercury, and cyanide exhibited similar con

centration patterns with depth. All these constituents showed similar 

concentration patterns at 3 feet, 6 feet, and 10 feet, with a notable 

decrease in concentration at the 8-foot horizon. Arsenic also contained 

sinilar concentration patterns at 3 feet, 6 feet, and 10 feet, but 

increased in concentration at the 8-foot horizon. Concentrations of 

nickel dĵ rreased fron the 3-£oot depth to the 6-foot depth, and then in

creased fron the 8-foot depth to the 10-foot depth. 

TP04 

Organics. Total concentrations of VOCs, semivolatiles, pesticides, 

and PCBs are shovn in Figure 4-28 relative to sample depth. VOC 

concentrations increased to the 10-fdot depths decreased fron 10 feet to 

20 feet, then increased again at 25 feet. Senivolatile concentrations 

decreased to a depth of 10 feet, increased at the 15-foot horizon, then 

decreased again. Pesticides vere detected at 3 different horizons. 

Pesticides vere not detected until the 10-foot horizon, and then in

creased at the 15-foot horizon. Pesticides vere not detected at the 

20~foot horizon, but vere present again at 25 feet. PCBs vere not 

detected until sanple XS18 at 10 feet; PCBs increased at 15 feet, then 

decreased vith depth. 

Inorganics. Figure 4-33 illustrates concentrations of selected 

analytes detected in samples from TP04. In general, sample results for 

analytes indicated a decrease in concentration with depth. Antimony, 

cadmium, chronium, lead, nickel, and cyanide each exhibited an isolated 

decrease in concentration at the 10-foot horizon. The sample collected 

at 15 feet contained the highest cyanide concentration (109 mg/kg) found 

in the excavation soil sanples. 
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TK'5 

Or.ganics. Figure 4-29 illustrates the distribution of total 

concentrations of VOCs, senivolatiles, pesticides, and PCBs detected in 

sanples from TP05, in relation to sample depth. VOC concentrations were 

relatively low at 1 foot and at 3 feet, but increased dramatically at 6 

feet. In general, semivolatiles decreased in concentration vith depth. 

Pesticides were only detected at 1 foot and 8 feet, and PCBs were only 

detected at 6 feet and 8 feet. 

Inorganics. Figure 4-34 depicts the distribution of selected 

analyte:5 detected in TP05 with respect to sample depth. The figure 

indicati's that contaninants decrease in number and concentration with 

depth. Lead and chromium concentrations decrease vith depth. Cadmum, 

nercurj^, and cyanide vere detected at shallov depths, but vere not de

tected l>elov 6 feet. Antinony vas only detected at 3 feet and 6 feet. 

Arsenic and nickel concentrations did not exhibit a noticeable variance 

vith depth. 

4.2.2.5 Dioxin Samples 

Reiiults. Results of the dioxin analyses are presented in Table 

4-15, and indicate the presence of 2,'3,7,8-tetrachlorodibenzo-p-dioxin 

(2378-T(3X}) and other dioxin isoners in small concentrations (parts per 

trillion [pg/g]) throughout much of the site. Ssunple locations are 

reported in Table 3-1. Figure 4-35 shovs the distribution and 

concentrations of dioxin detected in soil samples. 

Dioxin vas detected in all six soil samples. The 2378-TCDD isomer 

%fas detected in three of six sanples at levels ranging fron 9.361 pg/g 

(DS002) to 22.620 pg/g (CS003). A range of dioxin isoners vas detected 

in all !-.anples, of i^ich conposite sanples CSD02 and CSD03 contained the 

greatest variety and highest concentrations of dioxin isomers. 

Di;:cussion. In order to assess the relative hazards of the dioxin 

isomer i:o 2378-TCDD, toxicity equivalence factors (TEE) were estinated. 

Tbe method used is based on a technique devised for the U.S. EPA bj 

Bellin v.t al. (1986). Results are summarized in Table 4-15. The TEF 

calculated for each sample is expressed in pg/g and represents the 

ha2;.ard |K)sed by total dioxin in terms of 2378-TCDD. 
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Tabl* 4-15 

DIOXrs SAMPLING RESULTS 

S a m p l e C o l l a c t J i O n 

I n f c i r m i t i o n a c i 

P a r i i B e t e r s 

D i o j . i n D e t e c t e - i 

( v a l u e s i n p g / ' i ) 

! Da t o 

Tla<i 

SAS rruafa«r 

j 237H-TCt)D 

T c t i i l TCDD 

1237e-I>CDD 

T c t , « l PCT>D 

1 2 3 1 7 8 - H x C D D 

123.J7«-HxCDD 

1 2 3 7 t 9 - a x C D D 

T o t . i l ExCDD 

l I 3 1 ( ; 7 i - H p C D C 

T o t H BpCDD 

o<:Da 

I J T I - T O j r 

T o t l l TCDF 
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2 3 4 7« -PCDr 

T o t a l K z o r 

i 2 3 » - F « - a K C D r 
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2 : i 4 6 r 8 - B x C D r 

i : i 3 7 f t 9 - H x c r r 
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Concentrations of 2378-TCDD and TEF values are less than 1 part per 

billion, which is considered the level of concern in residential soils 

by the Centers for Disease Control (1984). 

4.2.3 Surface Vater Quality 

Results: 

Y_^Cs. Volatile organic compounds were detected in 8 of the 12 

surface water samples and in 2 field blanks. Twelve compounds were 

detected including compounds considered to be coamon laboratory or field 

artifacts. Table 4-16 summarizes the results of organic analysis of 

surface water samples including VOCs, and Figure 4-36 illustrates the 

concentration and distribution of organic compounds, including total 

VOCs. Saaple SV09 contained 8 compounds, which vas the greatest number 

of compounds found in any one sample. The highest VOC concentration vas 

31,000 ug/L trichloroethene detected in SVIODUP. SVIO and SVIODUP were 

collected from a standing vater trough near the abandoned loading dock. 

The most frequently detected VOC was toluene, which ranged in concen

tration from 1.1 pg/L in SV07 and one field blank to 13,000 pg/L in 

SVIODUP. Acetone, 2-butanone, smd 4-methyl-2-pentanone were all 

detected in 3 samples vith acetone concentrations ranging from 10 yg/L 

in SV03 to 740 yg/L in SV09, 2-butanone concentrations ranging from 540 

yg/L in SV09 to 30,000 yg/L in SVlO and SVIODUP, and 4-methyl-2-

pentanone concentrations ranging froa 230 yg/L in SV09 to 22,000 yg/L in 

SVIODUP. Tbe greatest total VOC concentrations vere found in SVIO and 

SVIODUP at 95,900 ug/L and 102,490 yg/L, respectively. 

Semivolatiles. Only one semivolatile compound vas reported for 

surface vater samples. Bls(2-ethylhexyl)phthalate vas detected in SV09 

at 8 yg/L, bat this compound is generally considered a common laboratory 

contaninant. 

Festicides/PCBs. Pesticides vere detected in two surface water 

sampler and in one duplicate. Sample SV03 contained 0.05 yg/L gamma BHC 

(Lindsrje). This concentration is equal to the contract-required quanti

tation limit and vas confirmed by use of the gas chromatograph dual-

column confirmation process. Sample SVIO contained alpha BHC (0.9 
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T a b l * 4 - 1 6 

RESULTS OF CRQflCAL ANALYSIS Of 

FIT-COLLECTED SURFACE MATER SAMPLES 

S.iniple C o l l e c t i c i I n f o m a t i o n 

a n d P a r a a e t e r s swoi 

9/9/87 

1115 

87FC17S67 

EP479 

NA 

NR 

NR 

NR 

SW02 

9/9/87 

1200 

e7FCns68 

E3")80 

NA 

NR 

NR 

NR 

Saapl* jfiunbei 

SH03 

9/9/87 

1245 

87FCns69 

EP481 

NA 

NR 

NR 

NR 

SW04 

9/9/87 

1300 

87FC17S70 

EP482 

KA 

NR 

NR 

NR 

Blank 

9/9/87 

1030 

8?TC17a06 

EP483 

NA 

NR 

NR 

NR 

SWOlDU? 

9/9/87 

1115 

87FC17D67 

EP4 84 

KA 

NR 

NR 

KR 

D,ite 

TLTiie 

C^I. Loc Ni.iinber 

C J ' Orcanic T ra f f i c Repcrt Ntoiber 

CLP Inorganic ' T a f f i c Report Nuaber 

T»ir<>eratur* I'C) 

Soficific Conduct iv i ty («9ihos/ca) 

Cawpoimd D*tected 

(i>«lu*s i n »/9/I.) 

V o l a t i l * o rgan ics 

aa<:hylene c h l c r i d * 

ace tone 

chlorofora 

1,:;-<lichloroetb*n* ( t o t a l ) 

2 -l>utaDon« 

1, J. , l - t r i c h l o r o « t h a n e 

t r i c h l o r o « t h « n * 

b*nz*i>* 

4 -awtlqrl-2-p«BtaitoiM 

to luen* 

*tliylb*Qz«n* 

t o t a l zy lanas 

T o t a l V o l a t i l e Crganics 

T o t a l T e n t a t i ^ l y I d M i t i f i a d 

V o l a t i l * Orgaaics 

10 J 12 J 

10 12 

1 1 

S i a t v o l a t l l * Orsanic» 

h ill ( 2-*thyllMKr] )tihtlMaat« 

To ta l S « a i v o l a t i l * Organics 

To ta l T*ntatiT^»]y I<J*ntj:fi*d 

S e a i v o l a t i l e 0::c:anics 1€ 
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T a b l e 4- l< . ( C o n t . ) 

Sa i ip le C o l l e c t i c n I n f o r m a t i o n 

^ r i PacaxM^ters SW05 SW06 

S a n p l e Nvn>b*r 

sw:7 SW08 Blank SW09 

CL.? O r g a n i c T r a l f i e R * p o r t Nunb*r 

CL? I n o r g a n i c T i a f f i c R e p o r t Nunber 

T e : « p e r a t u r e (*C' 

i-f>»cific C o n d u c t i v i t y (>n«hos/ci«) 

11/4/87 

0920 

EQ399 

nEX}033 

19 

1,100 

7.8 

11/4/87 

0955 

EQ395 

I1EO029 

19 

85 

8.3 

V - / 4 / t l 

io:7 

D54S1 

MEQ035 

19 

:.D:O 

8.31 

11/4/87 

1115 

EQ394 

KEQ028 

19 

87 

8.2 

11/4/87 

0930 

EQ396 

MEQ030 

21 

0 

7.1 

11/30/87 

1400 

E0766 

MECr972 

NR 

NR 

NR 

('oiapound E)etect<td 

l v a l u e s i n t / ^ / L 

^ ' o l a t i l e Organi<£S 

i i e t h y l e n e ch lo r : .< l« 

i i c e t o n e 

l i l o r o f o n a 

: . . 2 - d i c h l o r o * t h . » n e ( t o t a l ) 

: ! - b u t a n o n e 

.'., 1 , l - t r i c h l o r o < » t h a n « 

Urichloroethene 

I>eozen« 

' l - » * t h y l - 2 - p * n t . i n o o * 

*:olu*n* 

<itfaylb*nz«n« 

<:otal x y l * n * a 

' P e t a l V o l a t i l e O r g a n i c s 

T c t a l T e n t a t i v e l y I d e n t i f i e d 

V c l a t i l e O r g a n i c s 

1 .4 J 4 J 

740 

3 J 

540 

— — — 11 

— — — 230 

1 .1 J 1 .4 J 1 .1 J 100 

— _ _ 14 

— — — 120 

1.4 1 .1 1.4 1 .1 1 ,762 

45 

5 < e > i v o l a t i l * O r g a n i c s 

bi s ( 2 - « t l i y I h a x y 1 I p h t h a l a t * 

Tc i ta l S * » i v o l a t l l * O r g a n i c s 

tcitml T a o t a t l v a l y I i lMi t l f i *<f 

S i i a i v o l a t i l * O r g a n i c s 

8 J 

8 

53 84 1< 467 
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T. ih l* 4 - 1 6 ( O o n t . ) 

S t a p l e C o l l e c t l o i I n f c n a a t i o n 

and Fara iee teTS SWIO 

D i t e 1 1 / 3 0 / 8 7 

Tinw 1 3 4 5 

CLI' O r g a n i c T r a f f i c R e p o r t N u i c e r EQ767 

CLI' I n o r g a n i c T r a f f i c R e p o r t Mtanber ."EQ973 

T f P ? > e r a t u r e <°C ) NR 

S p e c i f i c Con iJuc t iv i l r j - (^ifghos/ca) KR 

pH NR 

Sanple Number 

SWIODUP 

11/30/87 

1345 

E(3769 

KEQ974 

NR 

NR 

NR 

Blank 

12/1/87 

1400 

EQ770 

Mro969 

NR 

NR 

NR 

Cowpotmd I>etected 

(v« loes i n ^>^/L) 

V o l a t i l e Organics 

ae thy lene cfalorid* 

acAtone 

chloroform 

1, 2-41 ch loroe th«ne ( t o t a l ) 

2-l3Utanone 

1 , 1 , 1 - t r i c h l o r t x t h a n * 

t r Lchloroe thene 

tensene 

4 -«ethyl-2-pent»inone 

to luen* 

«'t)iylb*iu*n* 

t o t a l xylenes 

To ta l V o l a t i l e Organics 

Tota l Tentat iv«; .y I d a o t i f i e d 

^ ' o l a t i l e Oroanics 

600 

— 
30,000 

5.300 

28,000 

— 
20,000 

12,000 

JB 690 JB 

— 
30,000 

5,800 

31,000 

— 
22.000 

13,000 

95,900 

7,000 

102,490 

6,000 

2 JB 

18 

20 

i temiTOlatila Or ' janics 

b i s f 2 -* thy lh«qr i ) p h t h a l a t « 

Tct.*! Semi v o l a t i l * Organics 

'rct.al TMi ta t i va ly I d a o t i f i a d 

:>«UTola t l l* Or j an i c s 3.770,000 5,890,000 
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T i i t l e 4 - K ( C = n t . ) 

S-iap** C c l l e < r : i o n I n f c r a a t i o n 

»n<-i ? ^ r a » » t e r 5 SW31 SW02 

S a a p l e N u a b e r 

SW03 SW04 B l a n k SWOIDOP 

«ir+i* sac 
TiaoM B H r i L i n i a n e ) 

S»fi l :e : :hlrr 

S § p t » c h l t r e j c x i d e 

4 , 4 • - : x r r 

O.OS C 

: 3 t a l P e s t : i c i d e s / P C B s 0.05 

T a t a . : T e c c a t i - r e l y I d e r r i i f i e d 

P»«;t.lcide3/T>CSs 

AnalTTe D e t e c t e d 

1 g«l-3es In. «/^^.) 

a l i o 

anlLjLacny 

b a r i ^ a 

bo r o c 

caclKiTia 

calLciaa 

chirotdum 

co l>a l t 

co i jpe r 

ir<]ci 

l e o ' j 

l i ' i t i o * 

aa<ja«3i>^ 

aaiv 

aolT 

n i i A e l 

(o -Lcss i * 

a e l e u t a i 

a i l T * r 

a o - J i ^ 

s t r o B t i « 

t h a l l i o a 

t'a n a ^ t n 

J i n r 

c v a r . i ' i e 

357 

34.4 

809 

279,000 

7,600 

3<,S0O 

1.910 

152 

520 

11.900 

36.000 

1,880 

37,400 

1,960 

373 

36.6 

741 

,000 

33.5 

785 

287,000 

35.2 

779 

275,000 

24.5 

799 

53.3 

13.1 

45.7 

1,310-

53.8 

22.2 

27.9 

399 

56.6 

9.8 

23.1 

1,040 

53.6 

17.6 

15.0 

11,700 

36,100 

1,890 

NAF 

6.09 

32.7 

744 

— 276,000 

422 

52.9 

9.8 

20.3 

8,200 

36,000 

1,890 

T c t i : ItiT! 327 ,273 .5 328.491.5 327,667 327,027.9 6.09 323,371.7 
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T a b l * 4 - 1 6 ( C e n t . ) 

S i i n p l * C o l l e c t i o n I n f o n a a t i o n 

a n r P a r a m e t e r s SW05 SW06 

Saaf>le Nuirtye; 

SW07 s * r s S l a n k 5W?9 

P'is t i c i d e s / P C B s 

a l r ' h a BHC 

g inima BHC(Lindane) 

H s f ' t a c h l o i 

H i f ' t a c h l o r e p o x i d e 

4 , A' -DDT 

T a t a l P e s t i c i d e s / P C B s 

T M . a l T e n t a t i v e l y I d e n t i f i e d 

P e < i t i c l d « s / P C B s 

A n a l y t e D e t e c t e d 

( v a l u e s i n » g / L ) 

a l u n i n u i t 

a n t i m o n y 

bair ium 

boi.'On 

cailmium 

c a l c i u m 

ch .'Omiuja 

co l>«l t 

coipper 

le>( l 

l i t h i u m 

aiagTMsitim 

• > a i g a n e s e 

molybdenum 

r i : k e l 

I>o t a s s ium 

f e l e n i u m 

f l l v * r 

IIOdluB 

s t r o n t i u m 

t h a l l i u m 

i^anadium 

; : jm: 

<:^'«nide 

352 

17 B 

RAF 

407 

2 5 5 , 0 0 0 

312 

RAF 

1 1 4 , 0 0 0 

13 B 

RAF 

a.sso 9 , 2 6 0 

5 , 1 8 0 

1 0 , 1 0 0 

533 

33 B 

20 

NAF 

2 5 0 , 0 0 0 

— 
— 

6 . 4 

502 

— 
RAF 

1 1 2 , 0 0 0 

17 

RAF 

B 

B 

46 

NAF 

2 6 0 , 0 0 0 

4 . 9 

— 
15 

7 , 4 2 0 

1 5 

NAF 

1 1 6 . 0 0 0 

148 

NAF 

B 

B 

B 

253 

1 1 3 

21 B 

R F 

.OM 

— 
— 
— 

S«2 

— 
KAF 

,000 

14 B 

•AF 

a,680 

— 

— 
NAF 

124 B 

— 

— 
— 

NAF 

47 B 

— 
NAF 

— 
— 

1 . (40 E 

42 .8 B 

KAF 

9 0 , 5 0 0 

13-2 

49 .0 

3 ,310 

13 .0 s 

I W 

84 ,400 

207 

KAF 

6 9 . 2 

27 .300 

— 
M . 4 W 

NAF 

— 
S 9 . 2 0 0 

NAF 

10 B 

7 . 5 B 

57 

-

17 

, 7 0 0 

NAF 

12 

33 

E 

— 
M . T O 

BkF NAF 

27,M0 

3 .6 B 

49 

• f e t a l I n ( i r c * n i c 5 438.944 4 3 1 . 4 2 9 . 9 4 5 6 . 6 9 0 . 9 440,483 171 2 3 S . < ; M . 8 
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T i b l e 4 - 1 6 ( C o n t . ) 

S i m p l e C o l l e c t i o n I n f o r m a t i o n 

aryi P a r a m e t e r s SKI I 

Saa ip le K u i b e r 

swicrcp 31a=A 

P<-5 t i c i d e s / P C B s 

a l p i a BHC 

gi mna fiHC( Linda?it») 

H < T t a c h l o i 

H<-ptachlor e p o x i d e 

4. 4 ' - D O T 

0.» 

1.1 

0 . : 

c ? 

T r i t a l P e s t i c i d e s . T C B s 2.4 

Total Tentatively Identified 

P<« t icides/PCBs 

Aiialyt* Det*ct*d 

('.'alu*s in >/g/L) 

a:iaminun 

aii t iaKiny 

bcirium 

bi i ron 

c.idmium 

o i l c i u m 

d i r o a i u m 

o j t a l t 

i r o n 

I 'Md 

l i t h i u m 

m i g n « s i u m 

m i n g a n e s e 

molybdenum 

n ( c l : e l 

p s t ^ s s i u a 

s t ] * n i u m 

s i l v e r 

• s d i m 

s t r o n t i u m 

t t u i l l i u m 

vanad ium 

l i i K : 

cy . i n ide 

2 , i f a 

STt 

120 

S V 

3W 

1 5 9 , 0 1 0 

« 2 

410 

m 
< i , 3 t a 

2 ,030 

JBF 

5 5 . 9 1 0 

6 . 9 t a 

tar 
1 . 3 a 

n . 2 n 

BE 

B 

B 

B 

B 

•»J 

B 

B 

m -Hi 

2.48:1 BE 

— 
1 3 : B 

t o e 

4 W 

leo'.otn 
555 

3 « B 

225 B 

64 ,OOI 

fc*i EJ 

t o e 

S 9 . o n B 

7 , 3 « I 

wae 
1 , 3 6 1 

7 3 . 1 0 I B 

— 

— 
— 
— 

N » -

3IL2 B 

— 
— 

1 0 . 9 B 

— 
Ktf-

goif 

— 
— 
— 

13.* ,ma . u . i 

2 5 . 0 

t o r BBkF 

2 3 . 1 BEX3 — 

l .EXO 

55 .2 

l . l W 1 3 - 4 B 

To ' ia l Ino : -gan ic : ! 1 3 , 9 7 0 , 7 9 t . 2 14 5 7 1 , € M . 3 33<5-3 

S.V Not u p p l i i r i b l e . 

N!* Not ::ecord1^d. 

— Not <J*t*ct<id. 

lAl'' Not imaly:c<rd f o r i n t & i s s a i ^ l e . 
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T a b l e 4 - 1 6 ( C o n t . ) 

OfPOOiaS 

( lO.a iFIERS OEFINnrON INTERPRCTATION 

Iidicates an estimated value. 

T i i s flag applies to pesticide results 

wiere the identification has been confirmed 

trf <JC/MS. Single cemponjnt pesticides 

>L0 ng/̂ /L in the final extract shall be 

cDnfirmed b̂ ' GC/MS. 

:cKoun<l value may be semiquajicitatiw. 

r:;acound was confirmed by GC/MS and is 

yjartitative. Use pesticide/PC3 listed valije. 

A'OLYTE 

(JUMJFIEBS DEFINmON INTERPRETATION 

Estimated or not reported due to interfer

ence. See lat>oratory narrative. 

Analysis by ftothod of Standard Additions. 

Spik* r*cov*ri«s outsid* QC protocols. 

which indicat*s a possibl* matrix problam. 

Data may b* biasad high or low. See spike 

results and laboratory narrative. 

Correlation coefficient for standard 

additions is less than 0.995. S*e review 

and laboratory narrative. 

Value is real, but is above instrument DL 

and below CRDL. 

Value is above CHDL and is an estimated 

value becaus* of a QC protocol. 

Aaalvt* cr *l*aMnt was not detected, or 

vain* may be semi<iuantitative. 

Tain* is quantitative. 

Tain* may be quantitative or sead-

=uaatitative. 

::mta valce may be biased. 

aloe may be quantitative or sead-

uaatitative. 

alne may be semiquantitativ*. 

Th* foi.lowing r*visions war* mad* in this table to th* qualifiers that f f * t in tbe organic and inorganic 

analytical data sheets. Some samples wer* analyzed under an elder Stat• mint of Work (SOW). Qualifiers used 

in this table reflect qualifier usage under the current SOW. 

Old 

I ) 
He^ 

B 

C 

Source: Ecology and Environment, Inc. IMO. 
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7̂ :̂  ^ ) / / 
^ / > / / / 

/ * r ^ i / / / / / 

" -' / / / / / 

V5C 1,738 
SV 9 
PEST 
PCB 

S'.VlO S'AMO DUP 

(TTYD 
r , . . I 

vOC 
SV 
PEST 
PCB 

SS.900 

2.0 

vt)C 
SV 
PEST 
PCB 

102,490 

3.) 

11111111 n 1111111 r I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11111111111111 

SOURCE: Ecology and Envitonmsnt, Inc. 1990. 

NOTE: CONCENTRATIONS IN (ig/L. 

SCIkLE 
200 300 400 500 FEET 

VOC 
SV 
PEST 
PCB 

LEGEND 
NOT DETECTED 
TOTAL VOLATILE ORGANIC COMPOUNDS 
TOTAL SEMIVCXATILE ORGANIC COMPOUNDS 
TOTAL PESTICIDES 
TOTAL PCBS 

FIGURE 4 - 3 6 DISTRIBUTION AND 
CONCENTRATION OF ORGA^BC 
COMPOUNDS IN SURFACE 
WATER SAMPLES 
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Ug/L), Heptachlor (1.0 yg/L), and Heptachlor epoxide (0.1 Ug/L). Sample 

SWIODUI' contained alpha BHC (2.0 Ug/L), Heptachlor (0.9 Ug/L), and 

i*,A-Dir.: (0.2 ug/L). 

P('Bs vere not detected in surface water samples. 

înorganics. Table A-16 summarizes the results of inorganic 

analys.\s of surface vater samples. Figure 4-37 illustrates the 

distributios and concentration of selected analytes detected during the 

SS. Results of TAL analysis of surface water samples indicated the 

presen<:e of possible anthropogenic constituents as well as common 

surface water constituents. Constituents detected in surface water 

sample:; that are considered potentially to be of anthropogenic origin 

includ«>d antimony, boron, cadmiuffl, chromium, lead, lithium, molybdenum, 

nickel, strontium, and cyanide. Table 4-17 illustrates typical analyte 

concen :rations in freshwater (Bowen 1979) and analyte concentrations 

detected in surface water saaples at the U.S. Scrap site. 

Sjimples SVOl through SV08, collected off-site from the MSD wetland 

area, contained seven analytes that are potentially of man-made origin. 

Antimony was detected in SV08 at 33 ug/L, which exceeded the upper range 

limit of 5.0 yg/L in typical freshwater. Chromium was detected in SW07 

at 4.9 ug/L and in SV04 at 24.5 yg/L. Chromium concentrations in SV04 

exceeded the upper range liait of typical surface water by 18.5 yg/L. 

Sample SV07 contained lead at 15 yg/L, which did not exceed concentra

tions normally found in freshwater. Boron, lithium, molybdenum, and 

strontium vere only analyzed for in samples SVOl, SVOIDUP, SV02, SV03, 

and SV()4. The four analytes analyzed for were detected in each of the 

five Siimples submitted for analysis in concentrations exceeding the 

upper irange limits found in typical surface water. Boron concentrations 

range<! from 741 yg/L in SV02 to 809 ug/L in SVOl. Lithium was detected 

in concentrations ranging from 52.9 ug/L in SVOIDUP to 56.6 ug/L in 

SW03. Molybdenum concentrations ranged from 15 ug/L in SV04 to 45.7 

Ug/L :l;i SWOI. Strontiua concentrations ranged from 1,880 ug/L in SW02 

tc 1,9 SO ug/L in SW03. 

Simples SVIO. SVIODUP, and SV09, collected on-site, contained six 

analytes that are potentially of man-made origin, based on their median 

concentrations relative to median concentrations in typical freshwater 
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SOURCE: Ecology and Environmant, Inc. 1990. 

NOTE: CONCENTRATIONS IN mgrt. (ppb). 
0 

Ub 
R 
Cd 
Cr 
CN 

100 330 
SC«.IE 

300 

LEGEND 
NOT DETECTED 
ANTIMONY 
BARIUM 
CAOMUM 
CHROMIUM 
CYANIOE 

Li 
Mo 
M 
Sr 
Pb 
NA 

400 500 FEET 

LITHIUM 
MOLYBDENUM 
NICKEL 
STRONHUM 
LEAD 
NOT ANAUZED FOR THIS CONSinUENT 

FIGURE 4-37- DISTRIBUTION AND 
G0NCENTR.AT10N OF RF\ FOTED 
ANALYTES IN SURFACE WATER 
SAMPLES 
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T a b l e 4 - 1 " 

TYPICAL ajBCENTRATIOKS OT ANALYTES IN FKESHWATER VERSUS 

COWCIJ.-JATIOWS Of AHALTTES I N S m : SUWACI •tOSO'. SAMPLED 

A n a l y t s " V p i c a l Kaage i n 

r : ' e . . h w a t e r (*>edia=' 

Range i n V . S . S c r a p S u r f a c e .sunber of Saiif>les Nuiiber of Samples E x c e e d i n g 

W a t e r S a a p l e s ( l aed ian ) C o n t a i n i n g A n a l y t e t h e tJpper L i J i i t of T y p i c a l 

<*-?/L) Freshwater Range 

aluminun 

anti i tony 

b a r i i M 

borori 

c a d u u n 

c a l c i u m 

c o t . a J t 

coffxfr 

c h i o i i i u n 

i r o n 

l e a d 

li th:.URi 

B>agn<isiua 

aun<Hinese 

• •o ly lx lenua 

n ick<i l 

p o t a i i s l u a 

s e l e i i i u n 

s i l w i r 

EOdinRI 

Etro i i t iua 

t ha l l i uM 

^rana'liu• 

c ine 

<Tri«nlde 

S.0-3.SM(300) 

. 0 1 - 5 . « ( . 2 ) 

<3.0-153(10) 

7 . 0 - S m ( l S ) 

. o i - 3 . e i . i o ) 

2.1100-120.WOdS.000) 

.04-«.e»-20) 

.20-3Cf3.0) 

. i a - < . c f i . o ) 

1 0 - l , 4 m ( 5 0 0 ) 

.06-12e«3.0) 

. 07 -«e t2 .0 ) 

t00-«,00C(4.0O0> 

. 02-13e t8 .0 ) 

.03-lM.SO) 

.02-771.50) 

500-10,0M<2,200> 

. 0 2 - l . « ( . 2 0 ) 

.01-3.S< .30) 

7 0 0 - 2 5 , o n 16,0001 

3 . 0 - 1 . m o (70) 

. 0 0 7 - . i a ( . 0 3 ) 

.01-2H.S0) 

. 2 0 - l M ( l S ) 

3 5 2 - 5 . 1 1 0 ( 5 2 6 . 5 1 

3 3 - 9 7 9 ( 5 0 6 1 

1 7 - 1 3 1 ( 3 4 . 8 ) 

7 4 1 - 8 0 9 ( 7 7 9 ) 

3 9 6 - ( 5 4 ( 4 2 S ) 

9 0 , 5 0 0 - 2 8 7 . 0 0 0 ( 2 5 7 . 5 0 0 ) 

399-«C0( 3 9 9 . 5 ) 

6 . 4 - 2 7 7 ( 4 9 ) 

4 . 9 - 5 * 2 ( 2 4 . 5 1 

3 1 2 - 6 4 . 0 0 0 ( 9 1 9 . 5 1 

1 3 - 2 , 0 3 0 ( 3 3 0 . 5 1 

5 2 . 9 - 5 5 . 6 ( 5 3 . 6 ) 

5 5 , 9 0 0 - 1 1 6 . 0 0 0 ( 1 1 2 , 0 0 0 ) 

9 . 8 - 7 . 3 6 0 ( 1 7 . 3 ) 

1 5 - 4 5 . 7 ( 2 7 . 9 ) 

' 6 9 . 2 - 1 . 3 6 0 ( 1 . 3 6 0 1 

7 , 6 0 0 - 7 7 , 2 0 0 ( 1 0 , 0 0 0 ) 

312 

17 

2 7 . 9 0 0 - 1 4 , 2 8 0 , 0 0 0 ( 4 7 . 5 5 0 ) 

1 . 8 8 0 - 1 . 9 6 0 ( 1 , 8 9 0 ) 

2 3 - 2 3 ( 2 4 ) 

3 . ^ 1 2 ( 1 0 ) 

7 . 5 - 1 . 8 8 0 ( 1 0 0 . 5 ) 

2 3 . 8 - 5 5 . 2 ( 3 9 . 5 ) 

< 
5 

Z 

11 

2 

3 

* 
4 

2 

5 

7 

4 

5 

3 

6 

1 

1 

12 

5 

2 

Q 

3 

a 

V U n a v a i l a b l e 

; ^ j r c < i : Bowen 1 9 T ) . 
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of the region. These anthropogenic analytes consist of antimony, 

cadmiun, chromium, lead, nickel, and cyanide. Antimony was detected in 

SVIO at 979 ug/L, which exceei5ed the upper range limit of typical 

freshwater by 974 yg/L (19,58D:X). Cadmium was detected in SWIO and 

SVIODUF at 396 Ug/L and 454 Ug/L, respectively. Both concentrations 

were above the upper range linit of 3.0 Ug/L (13,200Z and 15,1333J, 

respectively) found in typical freshwater. Chronium vas detected in all 

three on-site samples in conceitrations ranging from 13.2 yg/L in SV09 

to 562 ug/L in SVIO. Concentrations in all 3 saaples exceeded 6.0 Ug/L, 

the upper range limit for chrvmium, typically found in freshwater. Lead 

vas detected in all three samples in concentrations ranging from 13 yg/L 

in SV09 to 2,030 yg/L in SVIO- Concentrations in SVIO and SVIODUP 

exceeded the upper range limit by 1,910 yg/L (1,591.7Z) and 526 yg/L 

(438X), respectively. Nickel was detected in SV09 at 69.2 yg/L and in 

SVIO ard SVIODUP at 1,360 yg/l, with all concentrations exceeding the 

limit cf nickel typically foind in freshwater. Cyanide was detected in 

SVIODUF at 23.8 yg/L and SVIO at 55.2 yg/L. No information vas availa

ble on typical cyanide concenirrations in surface water. 

Discussion; 

OIganics. Results of TCL analysis of surface vater samples 

indicated organic contamination of surface water west of the U.S. Scrap 

site arid on-site in the lagoaa and trough portion of the former loading 

dock. 

Limited VOC contaainatioa vas detected in the ponds in the MSD 

wetland area. The northern pond shoved very slight pesticide contami

nation. Neither pond contained semivolatiles or PCRs. 

The sample from the troqgh portion of the loading dock (SVIO) and 

the duplicate (SVIODUP) of this sample showed similar results, indi

cating organic contamination of the water that has collected there, 

vhich :.s probably attributable to dumping of wastes in the trough. High 

VOC concentrations were detected in the trough, as were lov pesticide 

concen:rations. No semivolatiles or PCBs were detected. 

Tlie sample collected frcm the on-site lagoon (SU09) indicated 

contamination of on-site surface water. A high VOC concentration was 

detected; semivolatiles were detected at low concentrations. No 
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pesticides or PCSs vere detected. The contamination is probably 

attributable to on-site dumping in che lagoon, contaminated surface 

water :runoff, and/or contamirated groundwater discharge from the upper 

Quaternary water-bearing unit. 

JInorganics. Results of TAL analysis of surface water samples 

indicated inorganic contaminstion in surface vater west of the U.S. 

Scrap site, and in the lagoon and trough portion of the loading dock 

on-sit<;. 

Boron, lithium, molybdenum, and strontium vere the most frequently 

detected constituents in sa•|^les collected fron the MSD vetland area, 

but th<ise constituents vere only analyzed for in Seunples collected from 

the northern p<HKi. Antimony and chromium were detected in samples from 

both HSD ponds. Lead vas only detected in the southern pond. Contami

nation in the HSD ponds is pxobablT attributable to leachate seeps or 

contamrinated groundwater discharge from the upper Quaternary water

bearing unit. 

The sanple collected frcm the trough portion of the loading dock 

and the duplicate of this sanple showed similar results, indicating 

inorganic contaainatioa of tbe vater 'that has collected there, vhich is 

probab'.y attribatable to dumping of vastes in the trough. The only 

cyanide in the surface water samples was detected at this location. 

The sample collected from the lagoon on-site indicated contami

nation of surface vater on-site. Chromium, lead, and nickel were all 

detected in this saaple. The contamination is probably attributable to 

on-site dumping in the lagooai, contaainated surface vater runoff, and/or 

contamj.nated groondvater discharge froa the upper Quaternary water

bearing unit. 

4.2.3.:. Sediment Samples 

Flosults: 

VOCs. Only one volatile organic compound was detected in one 

setJiraeiJt sample. Results of orgaric analysis of sediment samples are 

providod in Table 4-18. Figure 4-38 illustrates the distriijution and 

conceni:ration of organic coogiounds in sediment samples. The compound 
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T a b l e 4 -18 

RESULTS o r C»E?aCAL ANALYSIS OT 

riT-COLLCCtED S C D I t G R SAMPLES 

S a a p l e CoL:.ec: t ion I n f o r » a t i o n 

a n d Paraa>el :ers KS31 

Saaip ie Nunbe t 

KS02 WS03 WS04 

D a t e 

Time 

CLP O r g a n i c T r a f f i c R e p o r t Nuaiber 

CLP I n o r g a n i c T r a f f i c R e p o r t Nuaber 

9 / 9 / 3 7 

1515 

EP*05 

MEP-150 

9 / 9 / 8 7 

1 5 4 5 

EF099 

.•CP493 

9 / 9 / 6 7 

1600 

EP098 

KEP494 

9 /9 . / 87 

1615 

EP40< 

KEP495 

Coaipound [ » t e c t e d 

( v a l u e s i n //g/Tcg) 

V o l a t i l e O r g a n i c s 

2 - b u t a n o n e 

T o t a l V o l a : l l e O r g a n i c s 

T o t a l T e n t i t i v e l y I d e n t i f i e d 

V o l a t i l e O r g a n i c s 

34 

34 

Seadvo la t i te Organics 

2-iMthylna s tha lene 

acenaphthy Lene 

acenaphthe-le 

dibenzofuran 

fluorene 

phenanthrene 

anthracene 

fluoranthene 

pyrene 

butyl laenzylpht t ia la te 

benzo(a)anthracaDe 

b i s (2-e thy lhe icy l )phtha la te 

chrysene 

benxo(b(li) fluoranthene 

benzo(a)pyrene 

indeno (1,2,3-cd )pr<^*»* 

dil>eneo ( a , h) anthracene 

b e n x o ( g , h , i ) p e r y l e n e 

Totul SeHivo la t i l e Organics 

Totnl T e n t a t i v e l y I d e n t i f i e d 

Semivo la t i l e Oroanics 

18 J 

— 
— 
— 
23 J 

160 J 

43 J 

230 J 

190 J 

— 
120 J 

— 
120 J 

175 J 

110 J 

59 J 

— 
69 J 

377 

— 
— 
— 
— 

8 3 

70 J 

— 
91 J 

79 3 

49 J 

— 
— 
52 J 

34"^ 

43 J 

19 3 

— 
— 

4 4 5 

37 

34 

— 
30 

56 

480 

130 

760 

730 

— 
420 

61 

420 

J 

J 

J 

J 

J 

J 

J 

J 

J 

427 J 

410 

220 

22 

— 

4,237 

J 

J 

J 

11 J 

I t J 

27 J 

22 J 

47 J 

418 J 

95 3 

54t J 

518 J 

— 
25e J 

— 
27t 3 

21» J 

238 J 

1 » J 

3f J 

138 J 

2,935 

4.860 6,080 12,240 4,6S: 
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Table 4-18 (Coot.) 

Sample Collection Information 

and Paraneters ws:i 

S a l v i a Nuadber 

WS02 NS03 VS04 

P e s t i c i d e s / P J i s 

E n d c s u l f a n I 

4 , 4 ' - L « : 

4 , 4 ' - t « 0 12 JC 

1 JC 

7 JC 78 C 

6.5 JC 

3; C 

Total Festicides/PCBs 78 J 9 . 5 

T o t a l T e r . t a t i v e l y I d e n t i f i e d 

P e s t i c i d e s / P C B s 

A n a l y t e D e t e c t e d 

( v a l u e s i n • g / k g ) 

a l u m i n n a 

a r s e n i c 

b a r i u n 

b e r j ' l l i u a i 

c a l c i u B 

c h r o i a i i m 

c o b a l t 

c o p p e r 

i r o n 

l e a d 

• a g n e s i u H 

aMnganese 

n e r c u r y 

n i c k e l 

p o t a s s i u n 

s o d i u B 

v a n a d i u B 

z i n c 

c y a n i d e 

1 0 , 1 0 0 

S.9 

50 B 

— 
51 .400 

21 

13 B 

32 

2 2 . M O 

20 s 

2 5 . 2 0 0 

416 

— 
29 

2 , 7 0 0 B 

907 B 

22 B 

— 
— 

1 1 

6 5 

24 

29 

2 

, 0 0 0 

12 

77 B 

0 . 7 6 B 

, 9 0 0 

23 

14 B 

36 

, 3 0 0 

42 s 

, 3 0 0 

608 

— 
29 

, 5 8 0 B 

798 B 

25 B 

82 

— 

1 4 , 5 0 0 

12 

70 

0 . 9 6 

7 5 , 2 0 0 

27 

21 

34 

2 8 , 8 0 0 

24 

3 4 . 2 0 0 

536 

0 . 1 5 

39 

3 . 4 1 0 

833 

29 

92 

0 . 8 8 

B 

B 

B 

B 

B 

9 ,920 

17 

73 B 

0 .79 B 

5 5 , 8 M 

17 

12 B 

32 

20 ,000 

62 

2 3 . 6 0 0 

444 

— 
25 B 

2 ,360 B 

1,080 B 

22 B 

86 

— 

T o t a l I n o r g a n i c s 1 1 3 . 5 1 9 . 9 1 3 4 . 8 2 6 . 7 6 1 5 7 . 8 2 8 . 9 9 1 1 3 , 5 5 0 . 7 9 

Not d o t e c t e d . 

Dete-r i ied f o r b e n z o ( b ) f l u o r a n t h e n e o n l y . 
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Table 4-18 ICoiit .) 

ooKPourci 
<3UALIFIEaS DcrmiTiOB INTERPFETATION 

I n d i c a t e s a n e s t i a a t e d v a l u e . 

T h i s f l a ; a p p l i e s t o p e s t i c i d e r e s u l t s 

l A e r e t b e i d e n t i f i c a t i o n has b e e n c o n f i r m e d 

by GC/MS- S i n g l e co»^>onect p e s t i c i d e s 

210 n g / ^ L i n t h e f i n a l e x t r a c t s t t a l l b e 

c o n f i m i e i by GC/KS. 

CoBf>ou:>d v a l u e may b e s e m i < i u a n t i t a t i v e . 

Coaipouryi was coitf l i n e d b y GC/MS a n d - i s 

q u a n t i t a t i v e . Use p e s t i c i d e / P C B l i s t e d v a l u e . 

A.VAl.yTE 

<3UALIFIEaS DETINITION INTERPKETATION 

A n a l y s i s by Method o f S t a a d a r d A d d i t i o n s . 

V a l u e i s r e a l , b u t i s a b o n i n s t r a a e n t IX, 

and b e l c w CROL. 

V a l u e i s q u a n t i t a t i v e . 

V a l u e a a y b e q u a n t i t a t i v e o r s a - t i -

q u a n t i t a t i v e . 

Tb r f o l l o v i n g r e v i s i o n s w e r e B a d e i a t h i s t a b l e t o t b e q u a l i f i e r s t h a t a p p e a r i n t h e o r g a n i c a n d i n o r g a n i c 

« n a l y t i c : a l d a t a s h e e t s . Soae s a a p l e s w e r e a n a l y z e d v o d e r a n o l d e r S t a t e m e n t c f Worl( (SOW). Q u a l i f i e r s u s e d 

j j i t h i s t a h l c r e f l e c t q u a l i f i e r u s a o e u n d e r t h e c u r r e n t SOW. 

o l i 

i: E 

Nev 

B 

C 

:;o<ixce: E c o l o g y and Q a v i r o c n e n t , I n c . 1 9 4 0 . 
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^̂ 1 M I I I M M M I I I n M I I I I I m I I I I M I I I I I I I M I I I I I I I l i I I t I M 4 I M H I M 
• 

— 

WSOl 
VOC 34 
SV 1.377 
PEST 12 
PCB W§02 

SO3 WS04 
v5C = ^ 
SV 2,935 
PEST 33.65 
PCB 

w • • w 

VOC 
SV 
PEST 
PCB 

445 
8 

SOURCE: Ecology and Environment. Inc. 1990. 

NOTE: CONCEfJTRATIONS IN pg/kg (ppb). 
»o 

VOC 
SV 
PEST 
PCB 

2C 

LEGENC 
NOT DE 
TOTAL \ 
TOTALS 
TOTAL F 
TOTAL I 



;;OURCE: Ecc'ogy »nd E wiroomenl. Inc. 1990. 

UOTE: C0NCE^^•R^T10^ ÎS IN Mg*g (ppb). 

s::ALe 
200 300 410 SOO FEET 

LEGEND 
NOT DETECTED 

VOC TOTALVOUATILEOnOANICCOMPOUNDS 
SV TOTAL Sa iVOlAT l£ ORGANIC COMPOUNDS 
PEST TOTAL PESTICIDES 
PCB TOTAL PC8S 



2-butanone, vhich is considered a common laboratory artifact, vas found 

in WSOl at 34 pg/kg. 

Semivolatiles. Semivolatile compounds were detected in all four 

sediEent samples. Eighteen compounds were detected, which .iliciuded 

compounds considered to be common laboratory or field artifacts. Of the 

18 semivolatile compounds detected, 15 ve re PAHs, 2 ve re phthalates, and 

1 was an aromatic. PAHs were detected in all 4 sediment samples in 

concentrations ranging from 8 pg/kg fluorene in VS02 to 760 yg/kg 

fluorarthene in WS03. Fluorene, phenanthrene, fluoranthene, pyrene, 

chrysere, benzo(b&k)fluoranthene, benzo(a)pyrene, and indeno(l,2,3-cd)-

pyrene were all detected in all 4 sediment samples. 

Phithalates vere detected in 2 sediment samples. Butylbenxyl-

phthal£te vas found in VS02 at 49 ug/kg and bis(2-ethylhexyl)phthalate 

was found in WS03 at 61 ug/kg. Both phthalates detected are considered 

common laboratory artifacts. 

Dibenzofuran vas the only aromatic compound detected, and vas found 

in WSO:; at 30 ug/kg and WS04 at 22 ug/kg. 

- P«!Sticides. Pesticides vere detlected in all four sediment samples. 

Endosu].fan I vas found in VS02 at 1 ug/kg, smd 4,4'-DDE vas found in 

VS04 at 6.5 ug/kg. 4,4'-DDD vas detected in all four samples vith 

concentrations ranging from 7 ug/kg in WS02 to 78 ug/kg in WS03. 

PCBs. No PCBs vere detected in the sediment samples. 

Inorganics. Results of TAL analysis of sediment samples indicated 

the presence of analytes of possible anthropogenic origin, as veil as 

common soil/sediment constituents. Figure 4-39 illustrates the distri

bution and concentration of selected analytes in sediment samples. Con

stituents detected in sediment samples that are considered poitentially 

tc be of anthropogenic origin included arsenic, chromium, lead, mercury, 

nickel, and cyanide. Arsenic, chromium, lead, and nickel were detected 

in all four sediment samples. Arsenic concentrations ranged from 9.9 
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y v_ J 

— W50 

S ^ ^ 

.AS 9.9 
Cr 21 
Pb 20 
Hg — 
Ni 29i 

1 CN 1 

/} 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 I I 1 1 1 1 1 1 1 1 1 1 I I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 1 1 I I 1 1 1 1 1 1 1 1 

c 
^_ j™«03^ WS04 

' ^ ^ 

As 
Cr 
Pb 
H j 
Ni 
CN 

WSOJ 

-

12 
23 
4? 

29 

A5 
Cr 
Pb 

»9 
Ni 
CN 

17 
17 
62 

25 

L 

• * ^ * ^ * * * t t -HHHK 

S O U R C E : Ecology and Envi i t» inent. Inc. 1990. 

MOTE: CONCENTl^mONS IN mg/kg (ppm). 
100 

SCH-.E 
700 300 400 SOO FEET 

LEGEND 
NOT DETECTED Pb LEAD 

As ARSENIC Hg MERCURY 
Or CHROMIUM NI NK»CEL 
CN CYANIOE 



mg/kg in VSOl to 17 mg/kg in VS04. Chromium vas detected in concentra

tions cangin; from 17 mg/kg in WS04 to 27 mg/kg in WS03. Lead concen-

tratiors ranged from 20 mg/kg in WSOl to 62 mg/kg in WS04. Nickel 

concectrations vere found ranging from 25 mg/kg in WS04 to 39 mg/kg in 

VS03. Mercury and cyanide vere both detected in one sample.' Hercury 

vas fccnd in WS03 at 0.15 mg/kg, and cyanide vas found in WS03 at 0.88 

mg/kg. 

Discussion: 

Organics. Results of TCL analysis of sediment samples indicated 

semivolatile and pesticide contamination of sediment in a pond located 

vithin the KSD vetland area. PAHs vere the most extensive semivolatiles 

detected, and 4,4'-DDD vas the most videspread pesticide detected. 

Contanlnation is probably attributable to contaminated surface vater 

runoff containing contaminated soil particles. 

Inorganics. Results of TAL analysis of sediment samples indicated 

limited inorganic contamination of sediment from a pond located vithin 

the MSD vetland area. Arsenic, chromium, lead, and nickel vere the 

' cons tit ucuits found most extensively. •' Very limited mercury and cyanide 

contamination vas also detected. Contaaination is probably attributable 

to surface vater nmoff containing contaminated soil particles. 

4.2.4 ijroiradvater Quality 

Bo'jnd 1 Results; 

V(>^. Results of organic analysis of Round 1 groundvater samples 

are sonuaarized in Table 4-19. Figure 4-40 illustrates the distribution 

and concentrations of total organic compounds detected. Volatile 

organic compounds vere detected in 13 of the 21 groundvater samples and 

in one field blank collected during Round 1 of groundwater sampling. A 

total oE 11 compounds vere detected. Some compounds, if detected in low 

con cert rations, have been considered to be common laboratory artifacts 

or field artifacts. Samples GW13 and GW15 contained the greatest number 

of con|)ounds and also the highest concentrations of total volatiles. 

The most frequently detected compound vas methylene chloride, vhich vas 

found in 8 samples. Methylene chloride vas also detected in 1 field 
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T i b l * 4 - 1 9 

SESOU^ OF CHEMICAL ANALYSIS OF 

nr-COLLCCTEO GROUNOMATER S A K F L E S 

ROUND 1 

: u « p l e C o l l e c t i > n I n f o n u t i : n 

itT.i P a r a m e t e r s GMOl GU02 GWD- GWO< GW05 GWOf 

IJ»t« l l / 5 / > 7 

T i n * 1020 

<XP O r g a n i c T r a f f i c R e p o r t 9Uiab«r BQ410 

<XP I n o r g a n i c T r a f f i c Raporc Ninibar nBQ044 

: " « « p « r a t u r « ("CI 17 

! ^ » c i f i c C o o d u n i v i t y Ipmbca/cm) 500 

| C 9 .OS 

1 1 / 4 / 8 7 

1100 

IXH07 

100041 

17 

500 

6 . 6 3 

1 1 / 4 / 8 7 

1135 

CO40< 

KEQ04: 

17 

500 

e.4t 

1 1 / 4 / 8 7 

0930 

EQ404 

.«<EQ038 

17 

450 

6 . 7 7 

1 2 / 1 / t l 

1105 

R3757 

KBQ963 

NR 

NR 

NR 

1 1 / 4 / 8 7 

141(1 

EQ4C9 

MEQ04:I 

17 

SKI 

6.7fi 

<:c«poun<l D a t e c t o d 

i T i l u e s i o »/q/LI 

' t ' o t a t l l a Organii:^ 

i icthylana chlor::d« 

iiottona 

] , L~dichloro«thiuM-

1.2~<lichloro«th<»n» ( t o t a l ) 

(iLlorofona 

J'-butanona (MEK i 

t r i ch lo roa thana 

l«a««n« 

to luana 

<'thylb«nz«n« 

JTlenas ( t o t a l ) 

l^ocal V o l a t i l e Organic* 

1XK41 T e n t a t i v e l y I d e n t i f i e d 

I ' o l a t i l e Organl<:s 

8.2 

12 

1.4 J 

21.6 

240 J 

110 J 

^ * 3 

920 

5,700 

6,974 

4 JB 

3 JB 

4 J 

11 

60 70.5 

i o a j v o l a t i l e Or«f«ttlc» 

I^Riol 

l«i)«yl a l c e b o l 

1.2~dichloroben]:eea 

i -laethy Iphenol 

<-'»»thylphenol 

4, (~<lii»athylph«iio! 

^, l~dichloroph«i»ol 

T^)pt\thatl*)-ye 

I -'»«thi'ln.tpht)».»'. mc* 

T—nit rcisolipheiTi'] inline 

I i 5 ( 2 - e t h 7 l h e x y ; ) p h t h a l a t « 

1'o<:«l S*B.ivolat:.le Organics 

1t>':iil Tenta t ive] . ; ' I d e n t i f i e d 

S e n i v o l a t i l e OftFaelcs 

3 .1 J 

— 
— 

— 
— 

24 

24 

6 7 

— 
— 

— 
— 

— 

— 

1.868 

4-152 

— 
— 

— 
— 

>.7 J 

4 . 7 

604 

2.1 J 

160 

140 

20 J 

— 

325.2 

7.700 802 



TaJ>le 4 - l H ( C o n t . ) 

S a i ^ l e C o l l e c t i . c n I n f o n a a t i o n 

er-! Ps ra i iM ' t e r s GW07 G W ) 7 A 

S a a p l e Nuaber 

GW08 GW09 GWIO GWll 

C . : « 1 1 / 4 / 8 7 

Ti i« . 1230 

CLi' o r g r n i c T r a f f i c R e p o r t Blunber EQ403 

CLi' I n o r g a n i c T i a f f i c R e p o r t Nuaber HEQ037 

Sf>i?^ific C o n d u c t i v i t y (^Ainrs /ca) 400 

pH 8 . 5 2 

/30/87 

1215 

EQ758 

HD0964 

NR 

NR 

NR 

11/30/87 

ino 
EQ759 

MEQ965 

fiR 

KR 

NR 

11/30/87 

1430 

EQ760 

MEQ968 

ja 

KR 

KR 

U/5/87 

0945 

EQ411 

.•EQ045 

17 

450 

9.02 

11/30/81 

1330 

EQ761 

KEQ9£7 

KF 

ra. 
KJ. 

Cc«^x>und D e t e c t « l 

(TMlues i n </g/L: 

V o l a t i l e Organ i« : s 

•e<L)iylene c h l o r i d e 

acetone 

1 , : . - d i c h l o r o e t l i i L n « 

l . : ! - d i c h l o r o e t l n - n « I t o t a l J 

cfcJ.orofona 

2-<«tanoi>» (MEK; 

t r : . c h l o r o « t h e n e 

k e i u e n e 

toMviene 

a t l i y l b e n z e n e 

l y l e n e s ( t o t a l ) 

l o t a l V o l a t i l e O r g a n i c s 

l o c a l T e n t a t i v e J . y I d e n t i f i e d 

V o ^ l a t i l e Organ i< : s 

1 JB 

S.4 

1 J 

5.4 

10 

S e » i v o l a t i l e OT«;anic8 

( b e n o l 

t e i u y l a l c o h o l 

1 . . 2 - d l c h l o r o b e n 3 M o e 

3 ̂ a e t h y I p b e n o 1 

4 - i a e t l i y l p b e n o I 

i . l - d i i a a t h y l p h e i t o l 

7 , l - d l c h l o r o p h e i > o l 

f>aph tha l*ne 

; — a e t h y l n . i p h t h a lane 

r t — i i t r o s o H p h e r r . ' l * a i i n e 

l i 5 ( 2 - e t h - f I h e x / I ) t ) h t h a l a t « 

T o t a l S e e i w o l a t L l * O r g a n i r s 

T o t a l T e n t a t i v e l y I d e n t i f i e d 

J e - a i v o l a t l i e O r g a n i c s 

4 J 

4 

1 . 7 2 7 8 6 7 213 i 2 6 49 94 
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T a b l e 4 - 1 9 ( C o n t . ) 

S a i i p l e C o l l e c t i c n I n f o r m a t i o n 

snd P a r a m e t e r s 

Dat;i? 

Ti rw 

CLI' O r g a n i c T r a f f i c R e p o r t 

CU' I n o r g a n i c T r a f f i c R e p o r t l i ta 

T e r ^ p e r a t u t o (*C) 

Sp«?c i f i c C o n A K r t i v i t y t t /nhos /cm) 

pH 

GS.-12 

1 1 / 4 / 8 7 

0845 

r E0397 

fcer KDQ031 

17 

1100 

6 . 9 1 

GW12DI.T? 

1 1 / 4 / 8 7 

0845 

EQ39! 

ME003J 

17 

110-

6 . 9 : 

Sa«^u« 

alanJc 

: 1 / 5 / 8 7 

0915 

£0400 

.-EQ034 

20 

0 

7 . 2 5 

m a i ^ a z 

S.-13 

LI . -5 .37 

:*io 
E ; * 0 5 

«E?)39 

17 

400 

- . 4 6 

C^ .4 

l l / S / I T 

14?1 

E Q 4 i ; 

« a 5 0 4 i 

; 7 

2e'M 

7 . 1 7 

GWIS 

; 1 / 5 / 8 7 

1 5 1 5 

EQ413 

.1EQ047 

17 

SOO 

8 . 2 9 

Coryound D e t e c t e d 

(vffl l u e s i n »/g/I.) 

V o l a t i l e O r g a n i c s 

a e l h y l e n e c h l o r i d e 

ac«tone 

1 , ) . — d i c h l o r o e t h a n e 

l , ; : - d i c h l o r o e t h « n e ( t o t a l ) 

c h l o r o f o r m 

2- lw i t anone (KEF.) 

t r i c h l o r o e t h e n e 

benzene 

t 3 l u e n e 

e t l i y l b e n z e n e 

x / l e o e s ( t o t a l ) 

T3f:a l V o l a t i l e C r g a n i c s 

T s l a l T e n t a t i v e l y I d e a t i f l e d 

V o l a t i l e O r g a n i c s 

32 

22 

54 

1 .180 

10 

1 5 

150 

ISO 

710 

2S 

"H.aoo 
«z..aoo 

13.;300 

130 J 210 J 

26.000 

2,900 

4,300 

28.000 

1..200 3 

t.SOO 

25 .000 

<..aoo 3 
72 000 

2 S L J 0 0 

— 
— 

— 
l . W O 

S . K O 

7 . 7 9 0 

— 
5 3 0 J 

1 3 . 0 0 0 

3 . 8 0 0 

2 1 . 0 0 0 

» 9 , 7 4 0 

6<.aoo 1 , 8 0 0 

S a a i v o l a t l l e O r g a n i c s 

p h e n o l 

b e n z y l a l c o h o l 

1 , 2 - d i c h l o r o b e n z e n e 

2 -fMtliy I p h a a e l 

4 - « M t t a y l p t i « w l 

2 , ' l - d i i M t h y l f h e n o l 

2 , < l - . d i c h l o r o p h * n o l 

na{>h tha l ene 

2 - t w t h y l n a p h t h a l e n e 

n- i i i t roso<lipheriy l a a i o e 

b l ! i (2 -e th - i ' l hex^ - l ) p h t h a l a t e 

Tot :a l S e n : v o l a t i l e O r g a n i c s 

T o n a l T e n l i a t i v e l y I d e n t i f i e d 

S e i u v o l a t i . l e O r c a n i c s 

8 . 5 J 

14 J 

22.5 

4 . 0 7 6 

so 

32 

!2 

3 , 4 3 1 

2«..aoa 

«.-Z0« 

«>700 

1 .700 3 

300 J 

— 
— 
— 

5 . 5 J 

U J 

7 . 9 3 

35 

4 J 

2 J 

•f-1 J 

9 4 0 J 

2,<oe 
310 3 

440 J 

— 
— 

<:- 900 

EC. 200 5 , M S 

4,3S"D 

52.760 

4 - 1 5 4 



T i b l e 4 - 1 5 t C o n t . ) 

S i r f i l e C o l l e < : t l o n I n f o r m a t i o n 

AWOl ."SDOl 

1 1 / 3 3 / 8 7 

1000 

K : 7 6 2 

NA 

NR 

NR 

NR 

Saaple 

K S X 2 

1 1 / 3 0 / 8 7 

C530 

EC'«3 

XA 

SR 

,NR 

NR 

Nuaber 

KSD03 

1 1 / 3 0 / 8 7 

095C 

EQ764 

KA 

ISP. 

RF. 

Iffi 

Blan)( A 

1 1 / 3 0 / 8 7 

1330 

B3765 

.*!EQ971 

NR 

NR 

NR 

Dite 11/5/87 

Tifw 1350 

CLI' Organic Traffic Report Number EQ414 

CU' Inorganic Traffic Report Number MEQ048 

T»rp«ratui« C C ) 17 

Sf>.<:ific Conductivity (^imhos/cm) 500 

pH 8.06 

Cjt^xaund t>«tect« d 

(tfi.lues in pg/I.) 

V o l a t i l e O r g a n i c s 

ma l J i y l en e c h l o r i d e 

ac< ' tone 

1,1 - d i c h l o r o e t h a n e 

1 , ; : - d i c h l o r o e t h « n e ( t o t a l ) 

c h l . o r o f orm 

2-l>utanon<- (MEK) 

t richloro* thene 

benzene 

toluene 

etliylbenzene 

xylenes (total) 

Total Volatile Crganics 

Total Tentatively Identified 

Volatile Organics 

220 J 

1,700 

240 J 

590 

13.000 

1.900 

16,000 

33,650 

2 JB 

Semivolatile Oreanics 

phenol 

b e n z y l a l c o h o l 

1 . . 7 - d l c h l o r o b e n ( e n e 

2 - f i e t h y l p h e a o l 

4 - « M t h y I p h a o o l 

2 . ' l - d l m e U i y l p h e r o l 

2 , ' { - . d i c h l o r o p h e r o l 

naI^hthsleI>e 

2 - i»« thy ln r tph tha ]e rve 

r - a i t r o s o i l i p h e n y l aa - ine 

b i ; ( 2 - « t h : - l h e K y ] ) f * i t h a l a t e 

I c i a l S«i>:vola i : ; 1« O r g a n i c s 

7 o : a l T e n - a t i v e ; y I d e n t i f i e d 

£ e » i v o l a t : i l e 0:r<|ariicE 

NAT SAT KW 

3 1 J 

16 J 

24 J 

• 4 0 

200 

170 

140 

380 

35 J 

8 . 5 J 

1 8 4 4 . 5 

1 8 . 6 9 8 
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Tiifcle 4-19 (Cont . ) 

Siniple C o l l e c t i o n Information 

«•••- Paraitwt«T-s .,. GWOl GW02 

Saaf>le Nuaber 

GWC3 GW04 CWOS GW06 

r-! • t i c i d e s /pcBs 

a .rha BHC 

Trra l Pe s t i c ide s /T»3s 

T r t a l T e n t a t i v e l y I d e n t i f i e d 

Pfs t i c ides /PCBs 

A-a ly te Detected 

^ r a l u e s i n </g/L) 

aJlaminua 

acitiawny 

a r sen ic 

b i r i u a 

t.?ry I l i u m 

cidmium 

c t l c i u a 

ciromium 

o * a l t 

c T p e r 

i::on 

l<Md 

aiK;;nesium 

iBinganese 

msrcury 

ELclrel 

p i t a s s l u m 

s<>leniuB 

s.-.lver 

mx<Jua 

tiia I l i um 

vmadilua 

i t n c 

c r an ide 

U S B 

2 . 5 B 

9 .2 B 

109.000 

4 . 9 B 

30 

79 

19 B 

27 B 

14 B 

225,000 

6 1 

441,OM 

4.4 B 

199 B 

73 B 

6 . 4 

0.500 

— 
— 
16 B 

3 1 0 

4,570 B 

IS B 

3.SS0 B 

— 
533,000 

4 . 7 

60 

70 

84 

704.000 

1.010 

120 

39,900 

B 

B 

7 . 1 

193.OtO 

— 
— 
14 

49 

140.000 

99 

124 

27.280 

B 

B 

— 
621.000 

— 
75 

— 
4,800 

238,000 

1,300 

822 

40,100 

243,000 

43 

288 C 

30.3 s 

3.9 B 41 B 

14,700 

15.8 

— 
26.1 

520 

— 
2.900 B 

13.4 B 

— 
11.7 B 

9.370 

12.6 sS 

3S2.000 

2 .7 M l 

9 .3 B 

22 .5 

17.4 

531,000 

— 
29 B 

« 
261 

3.1. 

295,000 

1.570 

O.SJ N 

603 

20.200 

— 

233.000 

— 
— 
73 

•?'3tal Ino rgan ics 128,429 1,503,407.7 801,561.5 1,149,412 379.943.7 : . 081 .844 .3 

4-156 



T a b l e 4 - 1 9 (CoeC. ) 

; ; a ^ ) l e C o l l e c t - i i n I n f o r m a t i o n 

j»rvi P t r a m e t e r s 

P e s t i c z d e s / T C S g 

nlp»-ia SHC 

T o t i l P e s t i c i < 4 M / P C B s 

T o t a l T e n t a t i T i e l y I d e n t i f i e d 

P e s t i c i d e s / P C B s 

GW07 GW07A 

Saaple Numt>er 

GWD8 GW09 GWIO G W l l 

A n . i ] y t e D e t e c t e d 

<v;tlt>ag i n yg/Z.) 

a l ' i a i l snm 

ajx ' t iacny 

a n a t i i c 

iM i r iaa 

l : «Ty l l i um 

c r a l c i a a 

c h r c a c o m 

c v i i a l i . 

<:o|5f:er 

i n x i 

IWKJl 

m a n n i i i u m 

•ercTicy 

n i < : t e i 

r o < : a s s i u « 

s e l e c d a a 

s i l ve r 

s o i l i m 

I J k i J l i n a 

i r a i i a d i a a 

K I J K 

<-yiiride 

' : 'ot«r Inor«|aa.-.c3 

1 ,210 

7 . 2 B 

12,900 

951 

6 . 7 9 0 

19 

6 . 2 7 0 

70.400 

1 5 B 

3 , 1 0 0 C 

2 1 . 1 B 

9 8 , 5 6 2 . 2 

1 1 4 , 0 0 0 

2 W( 

5 . 6 B 

5 5 . 5 

1 7 2 , 7 7 6 

3 , 2 4 0 E 

6 0 . 2 B 

26.700 

15.9 

— 
35.7 

4,200 

11.6 

15,300 

107 

31.6 

9,190 

s 

B 

284,000 

46.5 

9.6 B 

45.5 

3,250 

— 
147.000 

724 

330 

25.300 

1 5 4 . 0 0 0 

2 6 . 2 BE 8 , 2 8 0 

4 2 . 6 B 

1 4 5 , 0 0 0 

1 3 . 8 B 

6 0 . 6 B 

5 9 , 7 0 0 

465 

7 8 . 5 

1 9 , 7 0 0 

1 1 2 , 0 0 0 

25 B 

19 B 

7 .230 

12 

1 1 . 1 0 0 

89 

6 . 9 3 0 

9 8 . 3 0 0 

6 5 . 4 BE 

5 9 . 4 B 

1 8 . 5 0 0 2 2 4 . 0 0 0 

8 .9 B — 

36 

1 0 5 , 0 0 0 

427 

3 9 . 3 B 

1 6 , 0 0 0 

1 0 9 . 0 0 0 

4.7 

•2.C 

26.7 

618,119.8 

B 

337 

— 
21.• 

— 

108.5 

16 8 

12< 

— 

150,635.9 

— 

J9.1 

— 

454,666.2 
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T i i b l e 4 -19 (Cotr t ) 

Siimple Ca lLec t i . :< i I n f o r m a t i o n Sample Nuaber 

and P a r t m e t e r s GW12 GWimuP Blank GV<"3 GW14 <?fl5 

P«s t i c i ies./PCBs 

alpha ffiC — — — — — — 

Tc t i l r»sttcide^,.TCBs — — — — — — 

TC'til Teatativel5' Iden t i f i ed 

P«stici5ias,/PCBs — — — — — — 

Ar.alyte Petecte.1 

(\ a lues in yg/LI 

a l u a i o t a i — — — 88 B 82 S 50 8 

artimocB- — — — 329 — — 

arsenic — — — — — — 

bariua 199 B 189 B — 191 B 33 5 393 

ber t ' l l ian .— — — — — — 

cadiaiua — 7.5 — — — S.l 

calc iua 259,000 243.000 84 B 856.000 145.000 64.500 

chroaioB — — — 102 — 15 

cobalt 37 B 34 B — 41 B — 8.6 B 

ccpfjer 5.2 B 7.7 B — — — 8.3 B 

iron 252 197 — 292,000 378 607 

— 
259,000 

37 

5 . 2 

252 

207.000 

1.260 

188 

25.800 

B 

B 

7 . 5 

243.000 

34 B 

7.7 B 

197 

198,000 

1,200 

179 

25,100 

lead — — — 9.6 — 12 

magnesia 207.000 198,000 — 495.000 - 62.800 64.700 

manganese 1.260 1.200 — 7.100 82 155 

mercury 

nickel 188 179 — 1,090 153 122 

p o t a s s i a 25.800 25,100 — 121.000 5.780 131.000 

selenioa 

s i l v e r 

Bod.-l(a 124,000 118.000 158 B 357.000 149,000 581,000 

thailiwB — — _ _ _ _ _ 

vaniidiaa — — — — — — 

zlm: 45 43 — SM 171 141 

cyanidr — — — — — 12 

Tc t i l rnorijanicsi 617.786.2 585.?57.2 242 2,130,541.9 363,479 842.729 

84 

— 
— 

— 
— 
— 
— 
— 
— 

158 

B 

B 

856,000 

102 

41 B 

292,000 

9 . 6 

495,000 

7.100 

0.36 

1,090 

121,000 

1 1 

357.000 
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T a b l e 4 - 1 9 (Con! ; . ) 

£a : i p l e C o l l e c t i o n I n f o r m a t i o n 

in-J P a r a m - s t e r s AWOl KSOOl 

S a a p l e N u a b e r 

KSD02 HSO03 Blank A 

I f s t i c i d e K / P C B s 

<I|}ha BHC 

NAF NAF NAF 

0 . 0 6 

l o - i a l P e s i : i c i d a ! ; / I ' C B s 0 . 0 6 

l o i a l T e n t a t i v e ; y I d e n t i f i e d 

l e s t i c i d e s / P C B s 

j p j l y t e D e t e c t e d 

j va l u e s i n / / g / L 

• lijminum 

a n t i m o n y 

« r : ! e n i c 

t e rium 

b e r y l l i u m 

ca'imiuin 

ca Lcium 

chromium 

c o t s a l t 

co j jper 

i r o n 

l e a d 

• • • ; n e s i u a 

a e i i g a n e s e 

ae - rcury 

s i c k e l 

[ o < : a s s i u a 

s e l e n i u m 

s i l v e r 

io<llum 

t h a l l i u m 

l a t v a d l u a 

i t i vc 

c y . i n i d e 

NAF NAF NAF 

140 B 

35 B 

5 . 3 

9 1 , 9 0 0 

4 . 4 B 

6 . 4 B 

217 

4 6 , 5 0 0 

161 

23 B 

9 . 8 2 0 

18.400 

6.7 a 

23 

7 3 1 B 

112 B 

1 o : a l I n o r g a n l c i : 1 6 7 . 2 4 1 . 8 843 

NR Not recor '*! -d . 

— Not . l e t e c t i K l . 

R^ Not ^ i p p l i c i i b l e . 

!».r Not . ina ly j .Kj f o r t h i s f r a c t i o n o f t h e TCL/TAi . 
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Table 4-19 (Cont . ) 

oinrooND 
CKUaiFIER-. DEFINITION INTERPRETATICV 

Iidicates an estimated value. 

Tiis flag is used when the compound is 

found in the associated blank as well as 

il tha sample. It indicates possible/ 

probable blank contamination and warns 

tne data user to take appropriate action. 

Csa^iound value may be seaiquantitative. 

Coapound vaTue atay' be seaiquancxtativ*' If 

it is <Sx t>ie blank concentration (<10x 

tba blank concentrations for common 

l&soratorx- artifacts: phthalates, methylene 

cbloride, acetone, toluene, 2-butanone). 

AlOLTTE 

<!U,iilJFIERS DEFINrnoN INTERPRETATIOS 

Estimated or not reported due to interfer

ence. See laboratory narrative. 

Analysis by Method of Standard Additions. 

Spike recoveries outside QC protocols, 

which indicates • possible matrix problea. 

Data may be biased high or low. See spike 

results and laboratory narrative. 

Value Is real, but is above instmaent DL 

and below CRDL. 

Fost-digestion spike for furnace AA 

analysis is out of control limits (35-115%). 

while saaple absorbanca is < S 0 \ of spike 

absorbance. 

Asalyte or element was not detected, or 

value aay (M semiquantitative. 

Value is qaantitative. 

Value may be quantitative or semi-

Qiantitative. 

Value may be quantitative or semi-

Trantitati-ra. 

value may be seaiquantitative. 

Source: Ecology and Divironaant, Inc. 1990. 
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SiX'RCE: Ecolcgy and l-.nnDnrrant. Inc. 1990. 

N31-E: CONCENTTIATI3NSAREM|i{>4.(ppb). 
IfGEND 

VOC TOTAL VOLATILE ORGAMC COMPOUNDS 
SV TOTAL SEMIVOLATILEORGANCCOMPOUNDS 
PEST TOTAL PESTICIDES 
PCB TOTAL PCBS 

NOT DETECTED 
i SHALLOW MONITORING WEU. 
I- DEEP MONaORING WEU. 



bliuik. Methylene chloride concentrations ranged fron 5.4 ug/L ia GVIO 

to 76,COO ug/L in GW13. Benzene and total xylenes vere each detected in 

6 samples. Benzene concentrations ranged from 32 ug/L in GV12 to 8,600 

Ug/L in GV13, and total xylenes concentrations ranged fron 22 pg/L in 

~GVl2 to 22,000 vg/L in GW13.' The highest VOC concentration vas iii"€Vl-3— 

at 92,000 ug/L acetone. 

Semivolatiles. Eleven semivolatile compounds vere detected in 

Rovmd I groundvater saaples including compounds considered to be coaaon 

laboratory or field artifacts such as bis(2-ethylhexyl)phthalat€. 

Semivolatile coapounds included five phenolic isomers, tvo FAEs, one 

aromati2, one halogenated aromatic, one aromatic-amine, and one 

phthalate. Phenols vere detected in seven samples vith concentrations 

ranging froa 2.1 vg/L 4-methylphenol in GV04 to 29,000 pg/L phenol in 

GV13. ?AHs vere detected in 5 saunples vith concentrations ranging from 

4 ug/L 2-methylnapthalene in GV14 to 440 ug/L naphthalene in GV15. The 

remaining semivolatiles vere found in concentrations of less thai 24 

Ug/L. GV13 contained the highest semivolatile concentration (phenol 

29,000 ug/L) and the highest total semivolatile concentration (43,900 

Ug/L). Coapound 2,4-diaethylphenol vas found in 7 samples, aakJng it 

the Bost: frequently detected seaivolatile. Saaples HSDOl, MSD02„ and 

HSD03 vere not analyzed for semivolatile compounds. 

Pesticides. Alpha BHC vas detected at 0.06 ug/L in the field blank 

preparec on Noveaber 30, 1987 (Blank A). No other pesticides vere 

detected in Round 1 groundvater saaples. HSDOl, MSD02, and MSDQQ vere 

not analyzed for pesticides. 

PCBs. No PCBs vere detected in Round 1 groundvater samples. 

Samples HSDOl, MSD02, and MSD03 vere not analyzed for PCBs. 

TIĈ .. TICs detected in the 21 groundwater samples JE Rounc 1 

included 23 VOCs and 224 semivolatiles. 

Frequently detected compounds included alkyl benzenes, alkjl 

phenols, carboxylic acids, alcohols, ethers, C^-benzenesulfonasdde 

isomers, 1,4-diozane, 3-cyclohexene-l-methanol, 2,2,4-triiiethyl, 
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3,3,5-1 rimethylcyclohexanone, 3,3,5-1rimethylcyclohexanol, fluorophenol, 

and :aprolactam. The semivolatile benzophenone vas identified only in 

the field blank prepared on November 30, 1987 (Blank A). Lov concen

trations of freon (approximately 5 ug/L) were identified in HSDOl and 

GV05. The field blank prepared on November 5, 1987 (Blank), MSD02, and 

MSIX)3 did not contain TICs. 

Inorganics. Results of TAL analysis of Round 1 groundvater samples 

are provided in Table 4-19, and distribution and concentration of 

selected analytes are shovn in Figure 4-41. Results of analysis of 

samples indicated the presence of analytes considered to be major 

constituents (generally > 5,(X)0 yg/L), minor constituents (generally 

10 to 10,000 Ug/L), and trace constituents (generally < 100 ug/L) of 

groundwater in the dissolved state (Davis and DeVeist 1966). See Table 

4-20 for a general classification of dissolved inorganic constituents in 

groundwater throughout the U.S. This classification is a general aethod 

of analyzing analyte concentrations. Major constituent concentrations 

included calcium, vhich ranged from 10,500 ug/L in GWOl to 856,OCX) ug/L 

in GV13, magnesium, vhich ranged from 2,900 ug/L in GV05 to 704,0(X) ug/L 

in GW02, and sodium, vhich ranged fro'm 18,400 yg/L in AWOl to 581,000 

Ug/L in GW15. 

Hinor constituents included iron and potassium. Iron concentra

tions exceeded the normal constituent concentration range in 5 saaples. 

The highest concentration of iron vas 292,000 ug/L in GV13. Potassium 

concentrations exceeded the general minor constituent range in all 

samples vith concentrations ranging from 3,850 ug/L in GVOl to 131,000 

Ug/L in GV15. 

Eighteen analytes considered to be trace constituents of 

groundvater in the dissolved state vere detected in Round 1 samples. 

Elements of concern, vhich are of possible anthropogenic origin, vere 

ani:iraony,, arsenic, cadmium, chromiun, lead, mercury, and nickel. 

An I: imony vas detected in 2 samples, GW02 at 79 ug/L and GW13 at 329 

Ug/L. Arsenic vas found only in GV05 at 30.3 ug/L. Concentrations for 

boi:h antimony and arsenic vere above normal trace constituent concen

trations. Cadmium concentrations vere vithin acceptable liaits (40 

Wg/L). 
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1111111 1111 

^ ^ ^ : - ^ 

[Sb 
As 
Cd 
Cr 
Pb 
Hg 
NI 
CN 

8.9 
12 

"' '********+*+S:;:rr——^ 
' *^"*"*****++++I!rr~-»—__ 

^^^'"*^"^*++++rr:-^.-
'+*-H 

GVW7A* GWD7 
FIL0102-07 FIL0102-07 

Sb 
As 
Cd 
Cr 15.9 
Pb 11.6 
Hg 
Ni 31.6 
CN 

ISb 
As 
Cd 
Cr 
Pb 
Hg 
NI 
CN 

' ^ 
^ " ~ — • 

^ « 
H + H q 

GWW 
FIL0102-

Sb 
As 
Cd 
Cf A 
Pb 
Hg 
Ni : 
CN i 

S(X.RCE:Ecok<;yandE:nrironnisnt. Inc. 1990. 

MDTE: CONCBITRAnON.SINiig«.(p|jb). 

Sb 
As 
Cd 
Cr 

^ ^ ^ 

ANTIMONY 
ARSENIC 
CADMIUM 
CHROMIUM 

too 

Pb 
Ho 
M 
CN 

SCALE 
2 0 * 100 

LEGEND 
LEAD 
MB«URY 
NICKEL 
CYANIDE 

NOT DETECTED 
SHAILOW MONITORING WEU. , 
DEEP MONITORING WELL 
RESAMPLING OF WELL 25 DAYS LATER 



Table 4-20 

CLASSIPICATIOH OF DISSOLVED nmtOARIC CUMSlllUUIl: IH GRO KMATCR* 

Major constituents (greater than 5,000 >>g/L) 

bicarbonate 

calciua 

chloride 

magnesium 

siliooo 

sodiua 

sulfate 

carbocic acid 

Hinor constituents (10-10,00.0 «/q/L> 

boron 

carbonate 

fluoride 

iron 

nitrate 

potassium 

atrootiua 

Trace constituents (less than 100 i/q/L) 

•liimlnum 

antimony 

arsenic 

barium 

baryUium 

bisMtth 

bromide 

cadmium 

cerium 

ceslxai 

cfaroaiiM 

cobalt 

copper 

gallium 

germanium 

gold 

indium 

Irodide 

lanthanum 

lead 

lithium 

•angaoese 

Bolybdanua 

Dickel 

niobioa 

phosphate 

platioum 

radlta 

rubidium 

mtbaoium 

•caadiam 

•elaeinm 

•liver 

thalUoi 

tboria 

tin 

titanium 

tungsten 

uranium 

vanadium 

ytterbium 

yttrium 

tine 

sircooium 

* C<>nc«fitr«tia(i» or actual pr—aoca may vary from locatloa to locatioo. 

Soarce: Davis aiKl Da Malat 19M (froa Freese and Cherry 1979, p. IS). 
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(Itromium vas detected in 8 saaples vith concentrations rsmging froa 

4.4 ug/L in AVOl to 102 ug/L in GV13. All samples contained concentra

tions above normal trace constituent concentrations. Lead vas found in 

5 samples in concentrations ranging from 3.8 ug/L in GW06 to 12 i£g/L in 

GWIO arid GV15. Three of these samples contained lead'in concentrations 

slightly higher than normal trace constituent concentrations. Mercury 

vas detected in 2 saaples, GV13 at 0.36 ug/L and GW06 at 0.53 ug'L. 

Nickel vas found in 14 samples and in GV12DUP. Concentrations ranged 

from 11.7 ug/L in GV05 to 1,090 ug/L in GW13, all of vhich are above 

normal trace constituent concentrations. 

Cyanide vas detected in GV15 at 12 ug/L, GV05 at 17.4 yg/L, and 

GW08 at 26.7 u g / L . 

Discussion; 

Organics. Results of TCL analysis of Round 1 groundvater samples 

GVOl through G¥12, located off-site, indicate contamination of ground

vater in the shallov aquifer and limited contamination of groundvater in 

the deeper Silurian dolomite aquifer. Groundvater samples GVOl, GV05, 

and GVIO, collected froa FIT monitoring veils FIL0102-01, -05, and -10, 

vhich are screened in the deep aquife'r, contained lov concentrations of 

aethylene chloride, acetone, and toluene. At the levels detected, these 

compounds are probably laboratory artifacts. GV07 and GV07A, collected 

from deep aonitoring veil FIL0102-07, did not contain any organic 

constit iiejits. 

GV04, collected froa FIT monitoring veil FIL0102-04, vhich is 

screened in the siiallov aquifer, contained a substantial number of 

orgsmic constituents, aost notably trans-1,2-dichloroethene (total) 

(240 Ug/L), ethylbenzene (920 yg/L), xylenes (5,700 yg/L), 2,4-diBethyl

phenol [160 yg/L), and napthalene (140 yg/L). It is reasonable to 

expect that if shallov groundvater has been affected by subsurface 

migration of vater froa the site, this location would exhibit vaste 

coristi"uents due to its proximity to the on-site lagoon, Vi-hich is ap-

prcximitely 50 feet vest of monitoring veil FIL0102-04. Surface vater 

sample SW09 contained 1,762 yg/L of VOCs. This sample vas obtained from 

the on-site lagooo, suggesting that these contaminants are migrating to 

the on~.site lagoon via groundvater. 

4-166 



Lev concentrations of bis(2-ethylhexyl)phthalate vere detected in 

GV03 and GVll collected from shallov monitoring veils FIL0102-03 and 

-11; this compound, hovever, is considered to be a common lahiratory 

artifact. Sample GV09 contained 1 ug/L toluene, and GV02, GV06, and 

GV08 vere free of organic contamination. All these samples vere 

collected from shallov monitoring veils. 

Sample GW12 and duplicate sample GV12DUP, obtained fron shallov 

monitoring veil PIL0102-12, contained benzene at 32 ug/L and 150 ug/L, 

respectively. Both samples also contained phenol and 2,4-diBethyl

phenol. The source of this contamination is probably the organic vastes 

encountered in TPOl, vhich is approximately 200 feet south of 

FIia)102-12. 

Results froa groundvater samples GV13, GV14, and GV15, collected 

froa previously installed monitoring veils G-101, G-104, and G-105 

located on-site, indicated extreme VOC auid seaivolatile contamination of 

shallov and deep groundvater beneath the site. Veil logs of the pre

viously installed monitoring veils indicate that G-101, G-102, G-103, 

and G-104 (shallov veils) monitor saturated conditions in on-site fill, 

and that G-105 (deep veil) monitors groundvater in the lover unconsoli

dated Quaternary till and the upper Silurian dolomite. 

Saaple AVOl, collected from the abandoned 10-inch production veil, 

vas collected to characterize vater in the upper 45 feet of the opei 

casing. This saaple indicated extensive VOC and semivolatile coutami-

nation similar to that found in the previously installed monitoring 

veils. Veil records of the abandoned veil shov a total depth of 1,648 

feet. It is unknovn to vhat degree the contaainated vaste contained in 

the opeii casing (upper 45 feet) may influence the veil as a vhole be

cause a plug is present at a depth of 45 feet. 

Inorganics. Results of TAL analysis of Round 1 groundvater samples 

froa FIT and previously installed monitoring wells indicates inorganic 

contamination of groundwater from the shallow and deep aquifers. 

Nickel was the most widespread inorganic contaminant in samples 

collected from shallov FIT monitoring wells located off-site. Other 

inorganic constituents found intermittently in shallov off-site 
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aonitoring veils included antimony, lead, chromium, mercury, and 

cyanide. 

Lead and chromium vere the most videspread contaminants in samples 

collected from deep FIT monitoring veils off-site. Cadmium, arsenic, 

and cyanide vere also present. 

SiLoples GW13 and GV14 collected from monitoring veils G-104 and 

G-105, respectively, shov elevated levels of nickel, antimony, and 

chroffliim, and lov levels of lead and nercury. GV15, collected from 

nonitoring veil G-101, shovs high levels of nickel and lov levels of 

cadmititi, chroaium, lead, and cyanide. The only inorganic contaminant 

detectt!d in the on-site abandoned 10-inch veil, GVOl, vas cadmium at a 

low coiicentration. 

Roond 2 Results. 

VOCs. Results of TCL analysis of Round 2 groundvater samples, 

including VOCs, are summarized in Table 4-21. Figure 4-42 illustrates 

the distribution and concentrations of total organic compounds detected. 

Volatile organic compounds vere detected in 13 of the 20 groundvater 

sample-s and in 3 field blanks collected during Round 2 of groundvater 

samplin)^. A total of 16 compounds vere detected including compounds 

considered to be common laboratory or field artifacts. Sample GV28 

contained 12 different coapounds, vhich vas the greatest number of 

compounEs detected in any one sample in Round 2. Sample GV30 contained 

the higftest VOC constituent concentration, vhich vas 2-butanone at 

210,000 Ug/L; GV30 also contained the highest concentration of total 

volatilciS. The most frequently detected coapounds vere ethylbenzene and 

total xylenes, vhich vere both detected in 9 samples. Ethylbenzene 

concentrations ranged froa 0.5 yg/L in MSD04 to 27,000 yg/L in GV30, and 

total xylenes concentrations ranged from 440 yg/L in GV19 to 140,000 

yg/L in GV30. Benzene vas detected in 7 samples vith concentrations 

ranging from 86 yg/L in GV19 to 12,000 yg/L in GV31DUP. 

Senivolatiles. Tveniy-one semivolatile compounds were detected in 

Round I groundwater samples including compounds considered to be common 

laboratory or field artifacts. Semivolatile compounds included 7 PAHs, 

5 phenolic isomers, 4 phthalates, 1 aromatic, 1 halogenated aromatic, 1 
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T a b l e 4 - 2 1 
KSULTS Of O I E K i a a . ANALTSIS OF FIT-COLLECTED 

GUUNDHATEX SAMPLCS-R3UID 2 

.<;aii9le C o l l e c t i o n I n f o r m a t i o n 
a n a p a r a m e t e r s — — —- CS*16 . . ._GW17. 

5/n,i«/«8 
1 5 5 0 / 1 0 4 5 

EX167 
KEX724 

HR/20 
N V 3 , 4 0 0 

KR/6 .53 

S a a p l e 
GWie 

5 / 1 7 , 1 8 / B 8 
1 6 0 0 / 1 1 0 0 

CX168 
MEX725 

NR/20 
NR/2,80O 

N R / 7 . 9 3 

.<ruari>er 
< 5 « 9 

5 / 1 7 / 8 8 
1500 

EX169 
MEX325 

10 
4 , 0 0 0 

6 . 9 6 

GIC3DOP 

5/:-/a« 
1530 

E n 7 2 
MEa28 

10 
4 .000 

• f . 9 6 

GW20 

5 / 1 8 / 8 8 
1410 

EX170 
MEX326 

20 
400 
7 . 2 

D a t e 5 / 1 8 / 8 8 
Tii»» 1O30 
CLP O r q a n i c T r a f f i c R e p o r t Number EX166 
CU' I n o r g a n i c T r a f f i c R e p o r t Nunber MEjn23 
T e a p e r a t u r e C O 20 
S p e c i f i c C o n i j c t i v i t y (^mhos/cm) 43 
pH 8 . 3 7 

Coagound D e t e c t e d 
( v a l u e s i n og,/!,) 

V o l a t i l e O r c a : i i c s 
c h l o r o m e t h a n e — — — — — — 
v i n y l c h l o r i d s — — ' — 90 82 — 
m e t h y l e n e c h l o r i d e — — — — — — 
a c e t o n e — — — — — — 
1 , l - d i c h l o r o e ' : h a n e — — — — — — 
1 , 2 - d i c h l o r o e J i e n e ( t o t a l ) — — — 130 120 — 

c h l o r o f o r m — — — — — i J 
2 - fco tanone tmZK) — — — — — — 
1 , 1 . 1 - t r i c h l o r o e t h a n e — — — — — — 
t r i c h l o r o e t h e n e — — — — — — 
b e n z e n e — — — 86 89 — 
4 - m e t h y l - 2 - p e n t a n o o e — — — — — — 
t o l u e n e — — — — — — 
c h l o r o b e n z e n e — — — — — — 
e t t a f l b e n z e n e — — — «30 950 — 
x y l e n e s ( t o t * : . ) — — — 440 520 — 

T o t a l V o l a t i l n O r g a n i c s - — — — 1 , 5 7 6 : . 7 6 1 1 

T o t a l T e n t a t l ^ ' a l y I d e n t i f i e d 
V o l a t i l e Orgaii i<:s — — — 2 5 7 270 — 

S e a d v o l a t i l e O r g a n i c s W^T 
p h e o o l — — — 4 J 3 J 
b i s ( 2 - c h l o r o e t i i y l ) e t h e r — — — — — 
2 - c f a l o r o p h a t » ] — — — — — 
b e o x y l a l c o b o ] — — — — — 
l - 2 - d i c h l o r o b « - n z e n e — — — — 2 3 
2-matfaylpha(io] — — — — — 
4 - m e t h y l p b a o o ) — — — — — 
I s o p b o r i i n e — — — — — 
2 . 4 - d i m e t f a y l t 4 i a n o l — — — 14 21 
a a f l i t l M l a a a _ _ _ 2 7 2 5 
2 -me thy lna{ ib t l>a l eoe — — — 1 3 3 J 
j i m e t h y l p h t h a l a t e — — — — — 
• c e n a p h t h e o e — — — — — 
l - c h l o r o p b e n y l - p h e n y l e t h e r — — — — — 
i i e t h y l p h t h a l i t e — — — — 0 . 7 J 
f l oo r e n t — — — — — 
p h e n a n t h r e n e — — — — — 
a n t h r a c ' t n e — — — — — 
d i - n - b v i t y l f * i ' - f * l « t e — — 0 . € J 1 J 0 . 9 J 
f l o o r a n r h e n e — — — — — 
P5*rene — — — — — 
b i s ( 2 - e : h i l h e > y l ) p * > t h a l « t e — — — 12 2 J 

T o t a l Semi v o l t t i l e O r g a n i c s — — O. i 6S 5 7 . 6 

T o t a l T e n t a t ] . ^ e l y I d e n t i f i e d 
S e m i v o l a t i l e C r g a n i c s 13 1 ,200 9 2 2 . 4 4 . 0 2 3 1 .641 
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Table 4-21 (Oxjt.? 

Sample Ccllec-ii<3e Information Sample Mmiber 
*-̂ d Paraaetors GW21 GW22 G « 3 GW24 » C 5 GW26 

r a t e 5 / 1 7 , 1 8 / 8 8 5 / 1 7 / 8 8 5 / 1 7 , 1 8 / 1 8 5 / 1 7 - 1 9 / S 8 S / 1 7 / J J - 5 / 1 7 , 1 8 / 0 8 
Time 1 6 1 0 / 1 1 1 5 1 4 1 5 1 4 3 0 / 1 0 4 0 1 1 1 5 / 1 3 3 0 / 1210 1 2 4 5 / 1 1 0 5 

1 3 3 0 

CLP O r o a t i c T r a f f i - R e p o r t Ifuid>er EX171 !X173 E3C174 EX175 EX1T6 EX177 
CLP I n o r o t n i c T r a f f i c R e p o r t Muj^ser HEX327 M3C329 KEX330 .1EX331 M Q a J 2 HEX333 
Tempera t i e ( "CI IW/2C 20 20 /20 20 /NR/20 IS 2 0 / 2 0 
S p e c i f i c Con.±icT. iTi ty ( i /mtcs /cm) i m / 3 . 8 0 C 40 2 2 0 / 1 . 9 C 0 1 3 0 / T J K / l . 0 0 0 M 180 /200 
pH NR/7.82 8.58 7.10/7.28 8.34/!IR/7.6 8.34 7.39/7.04 

Compound Sete<:ted 

fgalues iJ //•3>T.) 

Volatile Orgaj»i<3 
dilorometfiane 11 — — — — — 
rinyl cMoridit — "— — — — — 
aethylene chlori«lt — — — — — — 
acetone — — — 5 J — — 
l,l-dicbloroe1Jiaa«e — — — — — — 
l,2-dichloroe1i>««>» ( tota l? — — — — — — 
•Alorofona — — — — — — 
2-butanaoe (Iflaci — — — — — — 
t,l , l~trichloi-oetSane — — — — — — 
:richlorrethef>e — — — — — — 
benzene — — — — — — 
•t-methyl-Z-petrtaoEne — — — — — — 
^:oluene — — — — — — 
•ihlorobozene — — — — — — 
ethylbcBienc — — — — — — 
^cylenes ((total.) — — — — — — 

Total Volatil«i Organics U — — 3 — — 

irotal rmatrntlt-mlj IdaotiCied 
Volat i le Orgaidcs 12 — — — — — 

i^emivQlartile t ' rcmics 
fihenol — — — — — — 
>>i5(2^dhIoroetl>ylrether — — — — — — 
;!-chlorr^eno] — — — — — — 
tMnzyl alcohol — — — — — — 
1.-2-dicUarob«cn«im — — — — — — 
:!-metl«ylt<Mool _ _ _ _ _ _ 
4[-MtlqrlfiMtK>l _ _ _ _ _ _ 
isophorcaa — — — — — — 
:!,4-diaa«liylptMieJ. _ _ _ — _ _ 
naphthalana _ _ _ _ _ _ 

:!-matfaylamphaal»e _ _ _ _ _ _ 
dimetlqrijiitbalate _ _ _ _ _ _ 

aicenaptrtjkene — — — — — — 
'r-chlort^henyl-ptmnyletbec — — — — — — 
^UethyljAthaltte _ _ _ _ _ _ 

I'luoreiMf — — — — — — 
[>henantixane — — — — — — 
jinthracHoe — — — — — — 
Mi-n-burylphtJ-alrte — — — — — — 
! luorairiiene — — — — — — 
EVrene — — — — — — 
l:i::s(2~e-:.Tylhe.xy: fhthalata _ _ _ _ _ _ _ 

Total Sxiaivolatile Orgaziics — — — — — — 

Total TtotatiAelr IdaotiS^ed 
.•i^emivoUtile Croinics 1.570.7 73 230 18 173 77.2 
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T a b l e 4 - 2 1 I C t m t . ) 

S a j ^ l e C o l l e < : t i o n I s f o r a M t i e a 
and P a r n m e t e r c GW27 Blank 

S a m p l e Nuaber 
GW28 GW29 au3a GW31 

5at« V I 7 / 8 8 
Time 1030 
CLT O r g a n i c T r a f f i c R e p o r t Kimber EX178 
'ZIP I n o r g a n i c T r a f f i c R e p o r t ( t imber KEX334 
T e i ^ v a r a t u r e ( ° C ) 14 
. 'Spec i f i c C c t K h j c t i v i t y (/ /mhos/cm) 2 , 5 0 0 
13H 7 . 0 9 

Co iyound D a t e c t e d 
[ v a l u e s i n <fO/L) 

5> 17/86-
1030 

t 3 a 7 9 
«EC335 

20 
0 

7 . 0 

5 / 1 8 / 8 6 - " • 
1515 

EX180 
KEX336 

NR 
KR 
KR 

- • ' . A i } t t ' ~ ~ 
1 5 0 0 

i3C181 
MEX337 

NR 
NR 
NR 

— 57r«:.^-i 
14 W 

EXlt2 
KCX33.1 

23 
6 , o : o 

5.TL 

• B/1S/-S3.-
1445 

EX183 
MEX339 

2" 
6 , 2 0 0 

6 . 1 1 

V o l a t i l e O r g a n i c s 
<:hlo rom« thane ' 
v i n y l c h l o r i d e 
m e t h y l e n e c h l o r i d e 
l ice t o n e 
: . , l - d i c h l o r o e t h a n e 
!. , 2 - d i c t ' i l o r o e t b e o e f t o t a l ) 
< i i l o r o f o r m 
l l - b u t a n o n e ( tXK) 
1 . l . l - t i i c h l o r o e t h a a e 
t r i c h l o r o e t h e n e 
t>eiEzene 
<-.me t h y 1 - 2 - p e n t a n c e e 
t o l u e n e 
c i d o r o b e n z e n e 
e t J i y l b e n z e B e 
l y l e n e s ( t o t a l ) 

^ 'Dta l V o l a t i l e Or9a>u.cs 

T o t a l T e n t a t i v a l y I d e n t i f i e d 
V o l a t i l e O r g a a l c s 

S e m i v o l a t i l e O r g a n i c s 
p h e n o l 
h i s ( 2 - c h l o r o e t J i y l l e t l i e r 
2-cfa loropfaanoI 
b e o z y l a l c o h o l 
1 - 2 - d i c h l o r o b e n z e n e 
2 - m e t h y l p h a a o L 
4 - m e t h y l p l M a o l 
i s o p h o r o o e 
2 . 4 - d l m e a r l p t M M K t l 
n a p h t h a l a a e 
2 - e n t h y l a a ( i i t b i a e M 
d i m s t h y l p k a i a l i i t a 
a c e o a p h t b a a a 
4 - c f a l o r o p b e n y l - p b e a y l e t h e r 
d i e t h y l p h t h a l a t e 
f l u o r e n e 
p h e n a n t h r e n e 
aothraceEke 
di-o—tjut f I p h t l u i l a t e 
l l u o r a n t N f o e 
p r r e n e 
t : s ( 2 - e t l 7 l h e : o ' l I p n t h a l a t e 

T r t a l S e K i v o l a l i l e O r g a n i c s 

T o t a l T e o t a t i i n r l y I d e n t i f i e d 
S a a i v o l a ' t i l a O i g a a i c s 

440 

350 
870 J 

1 ,660 

174 

44 

4 J 

27 

13 

1 J 

14 

13 

3.000 

150 J 
5 . 3 0 0 
2 , 7 0 0 
4 , 3 0 0 

8,700 

300 3 
710 J 

25,000 
17.000 

6.100 
29.000 

102.260 

13 14.000 

270 J 
1.100 

SO J 

3.949 

15,420 

1,580 

1,200 

7,400 

1.180 

63 OJ 

4 

84 
200 

460 
79 
76 

, 3 0 0 

DJ 
DJ 

DJ 
DJ 
DJ 
D 

11,962 

164.«00 

130,<KO 
190 .OW 

— 

210 .090 
3 .280 
4 ,610 

— 
1 4 0 , c a o 

so.cno 

2 7 . w o 
140 .MO 

J 
J 

5 2 . 0 0 0 
2 7 , 0 0 0 

1 4 , 0 0 0 

6 6 , 0 0 0 

— 
1,100 J 
9 , 9 0 0 

7 7 , 0 0 0 
4 3 , 0 0 0 

7 , 5 0 0 
3 4 , 0 0 0 

150 DJ 

320 DJ 

87.-30 

591,100 

331,500 

26,000 

— 
— 

— 

_ 
— 
— 
— 

4 , 3 0 0 O 
2 , 4 0 0 D 

— 

3 i , f a a 
380 

2 .300 

6 , M 0 
I 3 , « i a 
2 8 , c m 

3.40O 
i . n o 

440 
MO 

D 
DJ 

D 

0 
D 
0 
O 
0 
OJ 
OJ 

1 3 , 0 0 0 D 
220 DJ 

220 OJ 

2 . 2 0 0 D 
4 , 6 0 0 D 

— 
1 ,400 D 

330 DJ 
26 OJ 

— 

22,196 

n«.770 
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Table 4-21 (Cont.) 

Saaple Collection Information 

and Parameters 

tute 
Time 
CLP Organic Traffic Report Number 
CLP Inorganic Traffic Report Number 
Temperature ( 'O 
Specific Coodjctivlty (^/mhos/cm) 

pH 

GW31DU? 

5 / 1 8 / 1 1 
144 i 

£3ae-
)er MEX6e: 

2 : 
6,2or 

6 . 1 : 

SW32 

5 / 1 8 / 8 8 
1415 

1X184 
JEC340 

20 
400 
7 . 2 

Sample N u i b e r 
B l a n i 

5 / 1 8 / t I 
l S 4 i 

t3a2T 
i-xxeti 

21 

; 
7 .1 

.•BD04 

5 / 1 9 / 8 8 
0930 

CX128 
K : X 6 8 4 

16 
1 ,700 

7 . 4 1 

Blanic 

5 / 1 9 / 8 * 
1415 

EX028 
MEXSeO 

20 
0 

7 . 0 

Coayound Deterted 

(values in yg.'T,I 

Volatile Organics 
chloromethane 
vinyl clxlorido 
methylene chloride 

acetone 
1. l-dichloroei-J«ana 
1.2-dichloroe<J)ena ( t o t a l ) 
chloroform 
2-butanone (MinC) 
1,1,1-t richloroethane 
t richlo roetheiie 
benzene 
4-me thy l-2-peii tanone 
toluene 
rfalorobettzene 
athylbenzene 
rylenes ( totaj . ) 

Total V o l a t i l e Organics 

Tota l Tentat i>-ely I d e n t i f i e d 
V o l a t i l e Orgafiica 

64.001 
43,001 

931 J 
l«.0OI 

98.001 

1.401 
12.001 

110.001 
52,001 

8.301 
32.om 

J — 
— 
— 

IS,000 

6,100 
24,000 EX 

437.631 

43,88< 

4«,10O 

0 .5 J 

0 . 5 

2 J 

.•>c<uvolatile C'rganics 
iphenol 
b i s i 2 - c h l o r o e t h y l ) e t h e r 
2-chloropheno] 
l>eazyl a lcohol 
:l-2-dic}iloro»>« nzene 
2-methylpbenoI 
4-methylpheoo] 
.-isophorooe 
2,4-dimetfaylp»enol 
iwphthaleoe 
:l--MtfaylaaflitJialaM 
<UMthyl| i t i t luiIata 
iicenaph1i>ene 
•1-chlorophen^'l-phenyletber 
i i ie thyl{)hthalate 
f luoren4i 
l^ivenanthrene 
iinthracvne 
l i i-n-bul.ylpht.halate 
:'luorantJ>ene 
l^.-rene 
l>is(2-et ) iy lh*«yl)phthala te 

12 

2 
4 

1 

.OM 
231 

es 
21a 
— 

. 1 « 

. « « 
2 3 * 

.na 
3*0 

X 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

D 
DJ 
DJ 
DJ 

D 
D 
OJ 
0 
OJ 
OJ 

— 
— 
— 
— 
— 
— 
— 
— 
3 « 

1 8 « 
2 S 

— 
0 . 8 J 

2 J 
— 

0.« J 
O.S J 
— 
t z 

— 
— 
11 

" o t a l S4'Biivo}atile Organics 

1-otal T e n t a t i v e l y I d e n t i f i e d 
i^emivolati le Organics 

2 i . r : 4 

161.510 6.074 17 
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Table 4-21 (Csnt.l 

Sample Collection Information Salvia Ikiaber 
and Paraaotars GW16 GW17 GW18 CWI9 GWI9DUF G«<20 

P e s t i c i d e s / P C ? s NAF 
H e p t a c h l o r e p o x i d e — — — — — 
E r . d o s u l f a c I — — — — — 
< , 4 ' - D C P E — — — — — 

l o K a p h e n e — — — — — 
A r o c l o r 1142 — — — — — 
A r o c l o r 1:54 — — — — — 
A r o c l o r ll'fiO — — — — — 

T o t a l P e s t i c i d e s / P C B s — — — — — 

*r>3tal T e n t a t i i ' e l y I d e n t i f i e d 
!Pes t i c i . i e s / l><3ls — — — — — 

i t o a l y t e D e t e c t e d 
[ v a l u e s i a >/q/X) NAF 
ii iuminum 
An t imony 
a r s e n i c 
I>arium 
( a l c i t m 
<J i romiun 
t r o b a l t 
<T>pper 
i r o n 
l e a d 
m a g n e s i u m 
c m n g a n e s e 
n e r c u r y 
r i c k e l 
p o t a s s i u m 
s e l e n i u m 
s o d i u m 
v a n a d i u m 
z i n c 
c y a n i d e 

T o t a l i D o r g a n i r s 

— 
— 

9.1 B 
8.820 J 

— 
— 
— 
12 B 

3.800 BJ 
3.6 B 

— 
— 

3.350 B 

92.600 
3.6 B 

— 

.598.3 1, 

— 
26 

20 
475.000 

— 
52 
12 
22 
5.2 

658,000 
970 

0.33 
138 

35,600 

234,000 
3.7 
117 

403,966.2 

B 

B 

B 
B 

B 

— 

14 
14 

176.000 
7.1 

11 
4.5 
31 

152.000 
233 

— 
112 

19.100 

459.000 

9.2 
20 

806.555.8 

B 

B 
B 
B 
B 

B 

17 
36 

43 
SM.OOO 

21 
69 

— 
13,200 

202,000 
1.320 

— 
753 

26,000 

254,000 

— 
121 

1.057,580 

B 
B 

B 

— 
— 

38 B 
544.000 

20 
55 

— 
10.200 

210.OOD 
1.21c 

— 
704 

25.400 

247,000 

— 
64 

1.038.691 
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; : ab le 4 - 2 1 ( C e n t . ) 

<;aa(>le C o l l e < - t i o n I n f o n a a t i o e S a l v i a Number 
jind F a r o m e t e r s GVOl 0^22 GW23 GH24 GW25 GW26 

P e s t L i c l d e 3 / P < J s 
H e p t a c h J o r efNjxide — — —: — 
{:ndosul fan I — — — — 
•(,4'-DOE — — — — 
T o x a p h e n e — — — — 
A r o c l o r 1242 — — — — 
A r o c l o r 1254 — _ _ _ 
A r o c l o r 1260 — — — — 

T o t a l P a s t i c i d a s , / P C B s — — — — 

^ ' o t a l T e n t a t i v t l y I d e n t i f i e d 
l e s t i c i d e s / P C B s — — — — 

ATtalyte D e t e c t e d 
" ( v a l u e s i n »>g/[,) KAF 
a luminum ~ — 437 22 B 574 
an t imony ' — — 27 B — 1.100 
a r s e n i c 
t a r i n m 
c a l c i u m 
chromium 
c o b a l t 
c o p p e r 
i r o n 
l e a d 
• a 9 > e s i u m 
• a o e a n e s e 
• e r c a r y 
nickel 
p o t a s s i u m 
s e l e n i u m ~ 
sod ium 
vanad ium 
z i n c 
c y a n i d e 

T o t a l InorganL<:s 

— 
— 

34 
484.OOO 

13 
3 1 
16 
8 2 

2 8 2 . 0 0 0 
1 . 4 5 0 

SS8 
1 5 . 5 0 0 

2 3 2 . 0 0 0 
3 , 4 
U 3 

1 , 0 1 3 , 8 0 0 . 4 

B 

E 
B 
B 

B 

437 

— 

5 . 7 
8 . 4 5 0 

— 
— 
11 

453 

4 . 2 3 0 
26 

5 , 6 8 0 

8 6 , 4 0 0 
4 

15 

1 0 5 . 7 1 1 . 7 

B 
J 

B 

B J 

B 
B 

22 B 
27 B 

38 B 
2 6 7 . 0 0 0 

— 
11 B 

— 
— 

1 4 3 . 0 0 0 
8 3 5 

28 8 
1 3 , 9 0 0 

1 5 4 , 0 0 0 

— 
77 

5 7 8 . 9 3 8 

7 .8 
8.23C 

11 
71C 

• ^ 

3.95C 
15 

4 . 3 2 0 

7 9 . 9 0 0 

— 
27 

9 7 , 7 4 4 . 8 

B 
J 

B 

BJ 

B 

36 E 
2 0 0 , 0 0 0 

4 . 9 B 
96 B 

— 
9 8 , 1 0 0 

422 

9 , 9 2 0 

1 1 8 , 0 0 0 
4 . 8 B 

95 

4 2 7 , 7 7 8 . 7 
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Table 4-21 (Cont . ) 

Saaple C o l l e c t i o n Is format ica 
ai>d Pataawters 

PesticideS/"gCBs 
Heptachilor Epoxide 
irndosulfan I 
4,4'-DC'E 
Toxaphene 
Aroclor 12*2 
Aroclor 12iM 
Aroclor 12f0 

GW27 BlaaJt 

S a a p l e Nuaber 
aM28 GW29 GW30 

120 

13 J 
8 . 8 3 

<M31 

Tota l Pes t ic iSes /TCSs 141.8 

To ta l T e n t a t i v e l y I d e n t i f i e d 
P e s t i c i des/PC Bs 

Analyte Deeecbed 
(va lues i J vq/L) 
a l u a u m n 
antiaw(7y 
a r s e n i c 
barium 
calcium 
chrofluum 
c o b a l t 
copper 
i r o n 
l ead 
BMgnesium 
manganese 
awrcury 
n i c k e l 
po tass ium 
sa l an i t i a 
sodium 
vanadium 
z i n c 
cyanide 

Tota l Ino rgan ics 

94 
— 

122 
179,000 

23 
10 

9.900 

— 
203.000 

59 3 

123 
29,600 

— 
108,000 

— 
175 
— 

530,640 

B 

B 

B 
B 

35 B 

— 
— 
— 
247 B 

— 
8.9 B 
2C B 

— 
81 B 
2.6 B 

— 
— 
— 
— 
295 B 

— 
12 B 

— 

W9.5 

63 
25 

— 
563 

53,40C 
— 
— 
— 
63C 
11 

70,000 
124 
— 

B 
B 

115 JC 
115,000 

— 
528,000 

— 
34 
ISO 

768,115 

JE 

66 
28 

— 
96 

219,000 
12 
7 

— 
6,950 

— 
383,000 

449 
— 
559 

78,900 

— 
248,000 

10 
15 

29.6 

937,121.6 

B 
B 

B 

B 

JE 

B 
JE 

2. 

536 

— 
46 
511 

858,001! 
131 

1,920 

— 
407,000 

137 
356,000 
20,400 
0.75 JN 
1.020 
74.108 

33 
498.008 

70 
49.200 
29.1 

267.133.8 

JE 

JE 

38 B 

— 
— 
162 B 

779.000 
100 
19 B 

— 
284.000 

— 
428,000 
5.950 

— 
728 JE 

105.000 

— 
317,000 

13 B 
79 JE 
11 

1.920.100 
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T a b l e ' ( - 2 1 ( C o s t . ) 

Sample C o l l e c t i o n I n f o r a a t l o n S a a p l e Nunber 
and P a r a m e t e r s GW31DCF GW32 Blank HSD04 Blank 

Pesticides/TCBa 
Heptachlor epcaide — — — — — 
Fndosulfan I O.X — — — — 
4,4'-DCC — 0.20 — — — 
Toxapbene 14 — — — — 
Aroclor 1243 — — — — — 
Aroclor 1254 — — — — — 
Aroclor 1260 — 3.2 — — — 

Tota l Pes t ic idas /PCBs 14.7* 3.40 — — — 

Tota l T e n t a t i < « l y I d e n t i f i e d 
Pes t ic ides /PCBs — — — — — 

Analyte Detec ted 
(va lues i n /ig/LI 
aluminum 35 B 403 53 B — — 
antimony — — — — — 
a r s e n i c — — — — — 
barium I f l B 53 B 22 B 55 B — 
calcium 752.OM 83.200 35,200 301,000 126 B 
chromium 121 6.7 B — 16 — 
coba l t : J B — — — — 
copper — — — — 24 B 
i ron 282.010 1,730 — 32 B 9.4 B 
lead _ _ _ _ _ 
•agnesium 425.OM 37,500 10,900 79,600 34 B 
manganese 
•ercury 
n icke l 
potass ium 
te laBlua 
sodi«^ 
vanadium 
cine 
<ryanida 

To ta l Ino rgan ics 1,881,143 263,038.7 55 ,801 .1 447,515 193.4 

NR Mot reooi-ded. 
KAF Bot analj-zed fo r tftis f rac t son of TCZ/tAL. 

— Bot d e t e c t e d . 

425,OM 
5,920 

718 
105 , OM 

310, OM 
14 

158 

1,881,143 

J E 

B 
J E 

37,500 
41 

9 5 
4,980 

135.000 
— 
30 

263.038.7 

J E 
B 

J E 

10,900 
2 . 7 

2,140 

7,480 
3 . 4 

— 

55,801 .1 

B 

B 

B 

79,600 
247 

176 JE 
8,840 

57.500 
— 
49 JE 

447.515 
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Tiile 4-21 (Cont.) 

COMPOtBID 
•JOALXFItniS DtFlMlTlOK INTCRFRCTATION 

Indicafes. an,*stiiaated /raluej^ 
This flag identifies coapounds wtese con
centrations exceed tbe calibratim range 
of the GC/KS iBStruBMOt for that specific 
analysis. This flag will not apply to 
pesticides/PCBs analyzed by OCyCC matlKids. 
This flag identifies all compounds identi
fied is an analysis at a secoodarr dilution 
factor-
Cannot be confirmed ty CLF protocols. 

Compound value iwy be seadquantitative. 
Compound 'value may >̂e seauquanticaciv<r.-
There should be anotJier analysis with a D 
qualifier, which is to be used. 

Alerts data user to a possible change in 
the CRQL. Data is quantitative. 

Coapound may or atay not be present. 

ANALYTE 

IJOALIFIERS DEFIHITICA INTERPRCTXTIOH 

Estimated or not reported due to interfer
ence. See labocatoiy narratiea. 
Spike recoveries outside gc protocols, 
which indicates a poasiWe amtziz problem. 
Etata may be biased high or lew. See spike 
results and labecatory smrrative. 
Value is real, bat is above instrument EC 
and below CBU,. 

Value is above OHX, and is an esriawted 
value because of a QC pcotocol. 

Analyte or element was not detected, 
value may be •amiquantitativa. 
Value may be quantitative or sead-
quantitativo. 

Value may be quantitative or sesd-
quantitative. 
Value may be semiquantitative. 

Tbe following revisions were made ia this table to the qoalifiers that appear in the organic and inorganic 
analytical data sheets. Some saaplms ware analyzed under an older Stateawnt of Work (SOIT). Qualifiers used 
in tJils table reflect qualifier usage ondc? the cnrzent SOW. 

Old 

t I 
R 

New 
B~ 
H 

Soji 'ce: Ecology aad Envir Sac . X9M. 
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S<XJRCE: Ecology ami linvirofunant. Inc. 1990. 

N(3TE: a ) N C e f rf iATlONS tH jigrt. (ppb). 

SCALE 
200 300 

LEGEND 
VOC TOTAL VOLATILE ORGANIC COMPOUNDS 
SV TOTAL SEMIVOLATIIE ORGANIC COMPOUNDS 
PEST TOTAL PESTICIDES 
PCB TOTAL PCBS } 

NOT DETECTED 
SHALLOW MONITORING MELL 
DEEP MONITORNG WELL 
DRAW-OFF BOX 



hydrocarbon, and 2 halogenated hydrocarbons. PAHs vere detected in 8 

sample.'S vith concentrations ranging from 0.6 pg/L fluorene in GW32 to 

4,.300 u?/L naphthalene in GW29. Phenols vere detected in 8 samples and 

in the field blank, collected on May 17, 1988. Concentrations ranged 

from 3 Jg/L phenol in GW19DUP to 31,000 yg/IT'plienorTn T;W30.- Phthalates 

vere present in 6 samples vith concentrations ranging from 0.6 yg/L 

di-n-butylphthalate in GW18 to 4,300 yg/L bis(2-ethylhexyl)phthalate in 

GV29. ])enzyl alcohol, the aromatic, vas detected in 3 samples in 

concentrations ranging from 210 yg/L in GV31DUP to 2,300 yg/L in GV30. 

Isophorone vas the only hydrocarbon, and vas detected in GV31DUP at 230 

yg/L and in GV30 at 28,000 yg/L. Semivolatile compound 1,2-dichloro-

benzene vas the only halogenated aromatic and vas only detected in 

GW19DUP at 2 yg/L. Bis(2-chloroethyl)ether and 4-chlorophenyl-

phenylei:her, the halogenated hydrocarbons, vere detected in 4 samples 

vith concentrations ranging from 2 yg/L in GW32 and GW31DUP to 380 pg/L 

in GV30. Sample GVGO contained the highest semivolatile concentration 

(phenol at 31,(XK) |ig/L) and the highest total semivolatile concentration 

(87,730 yg/L). Phenol vas present in 7 samples and the blank, collected 

May 17, 1988, making it the most frequently detected semivolatile. 

Sample CiV20 vas not analyzed for seaivolatile compounds. 

Pesticides. Four pesticides vere detected in 3 groundvater samples 

collected in Round 2. Sample GV29 contained 120 yg/L Heptachlor 

epoxide. Endosulfan I and Toxaphene vere detected in GV31DUP in 

concentrations of 0.74 yg/L and 14 yg/L, respectively, and Endrin vas 

detected in CV32 at 0.20 yg/L. 

PCBs. Three PCB isomers vere detected in Round 2 groundvater 

samples. Sample GV29 contained 13 yg/L Aroclor 1242 and 8.8 yg/L 

Aroclor 125*. Sanple GV32 contained 3.2 yg/L Aroclor 1260. 

TICs.. A total of 23 VOCs and 188 semivolatile compounds vere ten

tatively identified in the 23 groundwater samples collected in Round 2. 

Three frequently identified VOCs were tetrahydrofuran, 2-ethyI-4 

methyl-1,3 dioxolane, and aui ethyl ether. Alcohols and hydrocarbons 

vere also tentatively identified. 

4-179 



Frequently identified semivolatile compounds included anino 

he:<anoic acid, trimethylcyclohexanone, trimethylcyclohexanol, butoxy-

methylorirane, alkyl benzenes, alkyl phenols, PAHs, carboxylic acids, 

alcohols, polycyclohydrocarbons, and hydrocarbons. 

The tHre'e~blahks"Ufd hot contain TICs. 

Inorganics. Results of TAL analysis of Round 2 groundvater sanples 

are provided in Table 4-21, and distribution and concentrations of 

selected analytes in Round 2 groundvater samples are illustrated in 

Figure 4-43; Analysis results indicated the presence of analytes 

considered to be major constituents (generally > 5,000 yg/L), minor 

constituents (generally 10 to 10,000 yg/L), and trace constitnents 

(generally < 100 yg/L) of groundvater in the dissolved state (Davis and 

DeUeist 1966). See Table 4-20 for the classification of dissolved 

inorganic constituents in groundvater. The field blanks contained lov 

concentrations of analytes considered to be common groundvater 

constituents. 

Major constituent concentrations included calcium, vhich ranged 

from 8,230 yg/L in GV25 to 858,000 yg/L in GV30; magnesium, vMch ranged 

froa 3,800 yg/L in GV16 to 658,000 y£̂ /L in GV17; and sodiua, vhich 

ranged Erom 57,500 yg/L in MSD04 to 528,000 yg/L in GV28. 

Minor constituents included iron and potassium. Iron concentra

tions exceeded the normal constituent concentration range in eight 

saaples.. The highest concentration of iron vas 407,(XK) yg/L in GV30. 

Potassium concentrations exceeded the general minor constitueat con

centration range in all saaples and ranged from 3,350 ug/L in GV16 to 

115,000 yg/L in GV28. (The field blank prepared on May 18, 1988, 

contaimtd 2,140 yg/L of potassiua. This could indicate that either the 

distill((d vater used for the blank vas contaminated or that decontaai-

nation of the bailer used vas not thorough.) 

Eijjhteen analytes considered to be trace constituents of ground

vater in the dissolved state vere detected. Elements of particular 

concern, vhich are of possible anthropogenic origin, vere antimony, 

arsenic, cadmium, chromium, lead, mercury, and nickel. Antinony vas 

detected in six samples vith concentrations ranging from 25 vg/L in GV28 

to 1,10(1 ug/L in GW26. 
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GW27 
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SOURCE: Eoibg/ and . jivironment. Inc. 1990. 

Ni3TE: CONCEN^niATIONS IN ngrt. (ppb). 
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Arsenic vas detected in GV18 at 14 yg/L and GV30 at 46 yg/L. 

Ctncentrations for both antimony and arsenic vere above normal trace 

constituent concentrations. Cadaium was not detected. Chromiun vas 

detected in 10 samples at concentrations ranging from 6.7 yg/L in GW32 

to 131 yg/L "in GV30. All of these samples "exceeded the Trotma.1"'trace — 

constituent concentration. Lead vas detected in 3 samples vith concen

trations ranging from 5.2 yg/L in GW17 to 137 yg/L in GW30. Tvo of 

these samples exceeded the normal trace constituent concentrations. 

Mercury vas found in GW17 at 0.33 yg/L and in GW30 at 0.75 yg/L. Nickel 

vas detected in 14 samples and ranged in concentration from 28 yg/L in 

GV23 to 1,020 yg/L in GV30, vhich are above normal trace constituent 

concentrations. 

Cyanide vas detected in GV31 at 11 yg/L, in GV30 at 29.1 yg/L, in 

GW29 at 29.6 yg/L, and in GW28 at 150 ug/L. 

Sample GV20 vas not analyzed for TAL analytes, and sample GV24 vas 

analyzed for cyanide only. 

Di.'scussion; 

Organics. Results of TCL analysis of Round 2 groundvater samples 

GV16 thirough GV27, located off-site, 'indicate organic contamination of 

the grotmdvater in the shallov aquifer, and no organic contamination of 

groundvater froa the deep Silurian dolomite aquifer. Deep groundvater 

saaple results from Round 2 contained no organic contaainsuits, vhereas 

in Round 1 sanple results, lov concentrations of methylene chloride, 

acetone, and toluene vere detected. Hovever, these compounds are 

coaaon laboratory artifacts, and not actually found in the field. 

Sh£illov groundvater sample results from Round 1 and Round 2 shov 

similar contaminant concentrations and distribution. Saaple results 

fron GW19 and GW19DUP, collected from FIT monitoring veil FIL0102-04, 

located near the on-site lagoon, indicated significant organic con

tamination. Constituents detected that are the most notable are 

1,2-dichloroethene (total) (130 yg/L), total xylenes (520 yg/L), 

and ethylbenzene (950 yg/L). 

Lov concentrations of chloromethane (11 yg/L) vere detected in GV21 

obtained from FIT shallov monitoring veil FIL0102-06. 
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Round 2 groundvater sample G927 obtained from FIT shallov 

monitoring veil FIL0102-12 contained higher concentrations of VOCs and 

semivo].atiles than vere found in GV12, collected at the szune location 

during Round 1. Benzene vas detected at a substantially higher 

concentration (440 yg/L). Also detecTed" aT high conceniiatjoiis vere -

ethylbenzene (350 yg/L) ani total xylenes (870 yg/L). 

Sampling of the previously installed monitoring wells G-102 and 

G-103 (samples GW29 and GV30) in Round 2 helped to further characterize 

shallow groundvater beneath the site. All previously installed veils 

contained high concentrations of VOCs and semivolatile compounds; 

hovever, concentrations in the deep veil, G-105, vere significantly 

lover than in the shallov veils. This distribution correlates veil vith 

concentration distributions in Roond 1 samples. 

Samples GW29, GW31DUP, and G»32, obtained from veils G-102, G-104, 

and G-105, respectively, both exhibited pesticides in Round 2 sampling. 

Sample jV29, obtained from monitoring veil G-102, and GV32 contained 

PCBs. :!4either pesticides nor PCBs vere detected in Round 1 sampling. 

Inorganics. Results of TAL analysis of Round 2 groundvater samples 

from FIT and previously installed monitoring veils indicate inorganic 

contamination of the shallow aquifer. Round 2 saaple results from 

shallow FIT monitoring veils located off-site indicated similar 

concentrations and distribation of nickel to Round 1, but chromium 

contamination vas much more videspread in Round 2 than in Round 1. 

Concentirations of antimony in Round 2 vere comparable to concentrations 

detected in Round 1, vith the exception of saaple GV26 (FIL0102-11), 

vhich contained 1,1(X) yg/L in Roood 2 sampling; antinony vas not 

detected in Round 1 saapliag at this location. The distribution of 

antimony, hovever, vas more videspread in Round 2. 

Lecid and mercury concentrations vere similar in both rounds, but 

the distribution in Round 2 differed from Round 1. Arsenic was detected 

in GW18 (FIL0102-03) in Roimd 2 only. Cyanide was not detected in Round 

2 sampltis, but was detected in Round 1. 

Roind 2 groundvater samples GV31, GV31DUP, and GV32, collected from 

monitoring wells G-104 euid G-105, shov moderately high levels of 

chromium, vhich vas not detected during Round 1. Also, Round 1 results 
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shoved the presence of lead and mercury, vhich vere not detected in 

Round 2. Sample GV28, collected froa aonitoring veil G-101, exhibited 

greater ccntamination in Round 2 than in Round 1. Samples GV29 and 

GV30, collected from monitoring veils G-102 and G-103, exhibited high 

concentrations of chromium, lead, nickel, and cyanldti. Moderately low 

concentrations of antimony, mercury, and arsenic were also detected in 

GV29 and GW30. These tvo locations vere not sampled during Round 1 

sampling. 
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CONTAMINANT MIGRATION AND FATE 

5.1 INTRODOCTICW 

This section provides a general discussion of the present and 

potential pathvays of contaminant migration in terms of the possible 

receptors, and a discussion of the migration and fate of contaminants at 

the U.S. Scrap site. This information provides some of the basic data 

necessary for the performance of an endangeraent assessment for the U.S. 

Scrap site folloving coapletion of the Special Study. 

An endangeraent assessment is an estimation of the magnitude and 

probability of actual or potential hara to public health or velfare, or 

to the environaoit posed by the threatened or actual release of a 

hazardous substance. The presence of contaaination, hovever, does not 

necessarily iaply an adverse effect on human health or velfare, or the 

environment. For an adverse effect to exist, each of the folloving 

conditions is required; 

• A source of contamination (e.g., spilled or dumped vaste); 

• Release of the contaninant to a transport medium (e.g., 

leaching to groundvater); 

• Transport of the contsuninant vithin a migration pathvay to 

a potential receptor point (e.g.. groundvater movement to 

residential veils); 
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• Exposure of the receptor to the contanineuit (e.g., in

gestion of the contaminant by persons through drinking 

vater); and 

• fbcposure at a dose suff icieni:" to piouuce eUi adverse effsct-

(e.g., intake of enough chemical to cause physical damage). 

This Special Study demonstrates the presence of contanlnation and 

evidence of release, along vith the trsmsport of contaminants to 

potential points of receptor exposure. Vhether actual exposure is 

taking place at a dose sufficient to produce adverse effects should be 

addressed in the endangerment assessment. 

5.2 COITTAMINANT SOURCES 

Sources of TCL coapound and TAL analyte contamination at the U.S. 

Scrap site are numerous and are not limited to the fenced site perim

eter. The priaary source areas are the three areas vhere pits vere 

excavat«^ during the period of the U.S. Scrap site operation for dis

posal of unsalvageable drums, vaste from salvageable drums, and vaste 

froa tanker trucks. Tvo of the pit atreas coincide vith tbe bum areas 

that veire capped vith clay during the underground fire of 1985. The 

other dinia burial area vas discovered outside the periaeter fence north 

of the :;ite during the FIT investigation. Test pit TPOl vas excavated 

in this area. Liaited historical data are available for this off-site 

area. 

Th(> results of coaposite surface soil saapling, excavation soil 

saaplini;, and visual observations aade during the test pit excavations 

confira that these areas are heavily contaminated as a result of 

duaping. Although the effect of the underground fire is presently 

unk.novn, the fire may have contributed to the release of additional 

volatil*! organic compounds into surrounding soils. This release may 

account for the high VOC and hydrogen cyanide concentrations detected 

during l:he soil gas survey (see Table 4-4). The vaste burial areas 

provide a source for groundvater contamination in toe shallow water

bearing unit. Vater level measurements and visual observations made 

during test pit excavations indicated that the vaste in tbe burial areas 
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extended belov the vater table, so there is direct contact betveen vaste 

and shallov groundvater. This direct contact can be seen by cooparing 

excavation soil sample and shallov groundvater saaple results. Also, 

leachatt! sample results from leachate seeps os MSD property vest of the 

site a m evidence of contaninant migration from the burial areas via 

shallow groundvater. 

Composite and discrete surface soil, and subsurface soil sample 

results indicated extensive TCL compound and lAL analyte contanlnation 

vithin and beyond the site perimeter fence (e.g., DS05, DS06, DS17, and 

DSlS). This contamination is probably the result of surficial vaste 

spills and surficial storage of vaste, as veil as vaste burial. These 

contaminated soils provide a potential source for groundvater and 

surface vater contamination froa soil leachinf and contaainated surface 

runoff. Off-site surface soil contaaination can be attributed to air

borne pc.rticulates, contaminated surface runoff, and vehicle tracking. 

Intentional dumping of vaste off-site nay also have occurred. 

Surface vater sample results (Table 4-16), discrete (Table 4-9) and 

composite soil sample results (Table 4-7) collected from an area ad

jacent to the lagoon and from stained soils at the edge of the vater, 

and visual observations indicated contaaination in the on-site lagoon. 

Vastes were allegedly deposited directly into the lagoon, vhich is 

connected to an on-site drainage ditch. This lagoon provides a poten

tial source of groundvater contanlnation through leaching and through 

groundvater interception of this surface vater body. The lagoon is also 

a potential source for surface soil contaaination by overflov into 

adjacent areas on HSD property. 

Other potential contaaination pathways include the abandoned pro

duction veils and the previously existing •ooitoring veils. Only one of 

the tvo abandoned production veils has been located, and details of the 

abandonment procedures are unknown for both T>«11S- The potential exists 

thai; wastes vere deposited directly into these veils. Samples from the 

well that has been located exhibited gross ccataaioation. A bail test 

periiormed on this well indicated recharge potential, demonstrating that 

a hydraulic connection exists between ground»-ater and the well. The 

previously installed aonitoring veils nay also be considered a potential 

pathvay based on observations that these veils have been damaged and the 
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absence of veil security. This damage probably occurred after instal

lation. 

5.3 POIENTIAL PATHVAYS OF MIGRATION 

Potential migration pathvays examined in tbe study include ground

vater, surface vater, direct contact, and air routes. 

5.3.1 ijroundvater 

Groundvater sample results from FIT monitoring veils indicated that 

VOCs, S'Smivolatiles, pesticides, euid PCBs have entered the upper till 

vater-b'saring unit in substantial concentrations. Lov concentrations of 

TAI analytes vere detected in Round 1 groundvater saaples (Table 4-18) 

from veils screened in the lover dolomite vater-bearing unit. 

Contaminants that have entered the upper till unit can migrate off-

site via fractures and higher conductivity layers vithin the Vadsvorth 

till. Once in the flov system of the clay till, contaoinants are ex

pected i:o migrate radially from the site vith tbe prevailing groundvater 

flov. The eventual vertical distribution of contaainairts in the clay 

till is dependent on soil and hydraulic properties of the till. 

Contaminants entering the upper 'groundwater flov systea in the 

southvestt portion of the site vill likely be intercepted by the MSD's 

artificial drainage system. Contaainated groundvater floving east from 

the site: is going to discharge into the lagoon and drainage ditch or 

vill be intercepted by the MSD's drainage system. Contaminants entering 

the groundvater flov system in the northvest portitm of the site vill 

discharge surficially as leachate seeps or into the MSD ponds. 

Grcundvater samples collected froa aonitoring veil G-105 screened 

in the unveathered till and dolomite bedrock indicate that the lover 

vater-bearing unit is a potential pathvay for contaainant migration from 

the U.S. Scrap site. The source of this groundvater contamination is 

probably the abandoned production veils. After entering the flov system 

of the dolomite aquifer, contaminants are expected to migrate in a 

southwest direction with the predomineuit groundvater flow. However, low 

hydraulic conductivity values calculated for tbe bedrock aquifer suggest 

thai: horizontal migration of contaminants in tbe bedrock should be a 

relatively slov process. 
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5.3.2 Surface Vater 

The surface vater pathvay at the U.S. Scrap site coaprises limited 

surface water runoff migrating from the site. Because of the flat 

nature of the general area encompassing the site and the distance fron 

the site to the Little Calumet River or Lake Calumet, contaminated 

surface water is not expected to affect these major surface water 

bodies. The railroad embankment prevents contaminated surface vater 

from migrating vest of the site. Topography on-site slopes tovard the 

lagoon and drainage ditch vhere most on-site surface runoff is 

contained. These features do not extend beyond the site perimeter; 

hovever, stained soils east of the site indicate occasional overflov. 

The MSD ponds located in the vetland area vest of the site receive 

contaminated groundvater that has surfaced as leachate seeps or through 

natural dischargeof the upper vater-bearing unit. These ponds are part 

of a clDsed system, in vhich any increase in vater elevation is diverted 

through the artificial drainage system. 

Coitaminants in surface vater may volatilize, adsorb onto sedi

ments, remain in solution, or precipitate. During periods of low 

precipitation, contaminated sediments may be exposed along surface vater 

embankments. ' 

5.3.3 Direct Contact 

Direct contact by persons or animals vith TCL coapounds and TAL 

analyte;! detected at the U.S. Scrap site is highly possible. There is a 

locked jieriaeter fence of barbed vire enclosing the site; hovever, the 

fence i.'S not sufficient in preventing site access. Persons and aniaals 

vere observed breaching the fence during the FIT investigation. Areas 

vhere the barbed vire has been cut and other areas indicating entrance 

from under the fence vere evident. Once persons or animals gain 

entrancij on-site, direct contact vith contaminated soils or surface 

water, or pure waste is probable. 

A.«; previously stated, contamination of soil and surface water has 

be€!n detected beyond the U.S. Scrap site perimeter fence (see Section 

4). Emjjloyees of MSD could come in contact vith TCL compounds and TAL 

analyte:3 in soil, surface vater, or leachate seeps. Vaterfovl entering 

the vetland area could also come in direct contact vith contaainants. 
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Pedestrians on Cottage Grove Avenue or in the area north of the site 

could also come into direct contact vith contaminated surface soils. 

Persons vere observed valking along Cottage Grove Avenue during the FIT 

investi.jation vhen this road vas being repaved. Also sighted vas a hole 

approximately 3 feet deep that had been dug by either the electric or 

telephojie company immediately south of the site entrance gate. This 

hole intercepted the vater table, vhich has been shovn to be conteimi-

nated; additionally, the soil gas survey in the surrounding area has 

indicated relatively high levels of hydrogen cyanide in surrounding area 

soils. 

5.3.4 iVir 

The air pathvays at the U.S. Scrap site consist of volatilization 

of VOCs, PCBs, and pesticides, and the fugitive releases of PCB-, heavy 

metal-, pesticide-, and PAH-adsorbed dust. The soil gas survey con

firmed ".he volatilization of organic compounds and the presence of 

hydrogen cyanide belov the ground surface. In areas of heavy contaai

nation, such as the burn areas and the lagoon, diffusion of vapors to 

the surjface may occur if the proper conditions exist. 

The volatilization of PCBs and pesticides is of lesser concern 

because of the preference of these coapounds to be sorbed onto soil 

particles. Release of dust contaminated vith PCBs, pesticides, and PAHs 

is the pathvay of greater concern for these contaminants. 

5.4 POTENTIAL RECEPTORS 

Pot:ential receptors of groundvater, surface vater, direct contact, 

and air pathvays are discussed in this section. 

5.4.1 Groundvater Receptors 

Potential receptors of groundvater contamination are any persons or 

animals, or land used for agricultural purposes that may come in contact 

vith coritaminated groundvater. Based on local groundvater use, humans 

are the most likely receptors. The exposures to persons that could 

occur from contact vith contsuninated groundvater include dermal absorp

tion, irihalation, and ingestion. Receptors include persons vfao obtain 

vater from veils in either the upper or lover vater-bearing units, MSD 
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employetis, and excavators or installers vho may come in con tac t vith 

contaminated groundvater in the course of their vork. 

Persons vho obtain vater from shallov or deep veils vould be 

exposed if they used the veil vater for drinking, bathing, or other 

purpose:;, such as lavn or garden vatering, car vashing activities, elc. 

A review of vater usage in the vicinity of the site (vithin an approxi

mate 3-iaile radius around the site) (CCVD [no date]) indicated that all 

residents depend on Lake Michigan for vater, so no human groundvater 

receptees exist on the basis of veil usage. 

MSI) employees may come in contact vith groundvater discharging 

along the vails of the ponds in the vetland area. Also, vorkers 

involved in the deep tunnel project at MSD may also be exposed during 

excavations. Dermal absorption and inhalation are the groundvater 

exposure routes of concern associated vith contamination at the U.S. 

Scrap site. 

5.4.2 Surface Vater Receptors 

Persons vho come in contact vith surface vater or sediments from 

the MSD ponds, the on-site lagoon and drainage ditch, or any overflov 

froa th<! ditch are potential receptors of surface vater and sediment 

contamination. The exposures that could occur to persons include dermal 

absorption, inhalation, and ingestion. The most probable exposure 

routes vould be completed by persons crossing the ditch on foot, youths 

vading in the ditch or lagoon, or MSD employees or others vorking in the 

vicinity of the ponds and ditch overflov area. 

Contaainants in the ditch, on-site lagoon, and MSD ponds aay also 

iapact the vaterfovl that frequent the vetland area. Hunan ingestion of 

duck or goose flesh that is tainted vith bioaccumulated contaainants is 

a potential exposure route. 

Because it appears that fev people breach the site fence and MSD 

property is restricted to MSD employees, surface vater is not likely to 

affect many receptors. 

5./..3 Direct Contact Receptors 

Direct contact receptors are any persons vho may come into direct 

contact vith sediments or surface soils. The potential exists for MSD 
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employees to come in contact vith contaminated surface soils on MSD 

property both vest and east of the site. There is fairly strict 

security at HSD, preventing those vho are not employees from entering 

the property. 

Anyone breaching the site fence vill be in direct contact' wicir 

contamiiated surface soil, as vill anyone valking along Cottage Grove 

Avenue lorth of the site. The extent of surface soil conts-nination 

off-sit2 vas not determined, making assessment of receptors north of the 

site difficult. 

5.4.4 Air Receptors 

Air receptors are any persons who came in contact with airborne 

contamination. Air receptors are expected to be few. Local residents 

and the occasional customers of local businesses would not be expected 

to be affected by volatilization of contauninants in groundvater due to 

the relatively lov contaminant concentration off-site and tbe clayey 

surface soil and underlying clay till, vhich tends to retard gaseous 

diffusion rates. MSD excavation or sever vorkers, vho may come in close 

contact with groundvater belov the ground surface, vould be at greater 

risk. HSD employees vorking on the artificial drainage systea could 

also be at risk. 

More people, hovever, vould be exposed through inhalation of 

airborne PCB-contaoinated dust than through volatilized contaainants 

fron groimdvater. Air nonitoring for particulates vas not conducted 

during the FIT investigation, so it is unknovn vhether total, concen

trations of airborne PCBs vould exceed the OSHA occupational, exposure 

limit under normal anbient conditions. Very dry, vindy cooditicxis vould 

create a greater threat of PCB exposure via dust inhalation. 

5.4.5 Receptor Summary 

Because it has been determined that all drinking vater within the 

vicinity of the site is obtained from Lake Michigan (CCVD [no date]) and 

because no air monitoring was conducted at the site to determine the 

ri;;k associated vith the air pathway, receptors of the direct contact 

pathvay are the greatest concern at the U.S. Scrap site for the purposes 

of this SS. 
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5.5 ENVIRONMENTAL FATE AND TRANSPORT OF CONTAMINANTS 

Physical and chemical properties of contaminants detected at the 

site, factors affecting fate and transport of contaminants, and tox

icological properties of contaminants are discussed in this section. 

5.5.1 Physical-Chemical Properties of Detected Contaminants 

Table 5-1 lists some important physical-chenical properties of 

compounds detected at the U.S. Scrap site. These particular parameters 

have been chosen based on the contribution of each to the overall 

environmental behavior of the compounds. 

Solubility is the aaxiaua concentration of a cheaical that 

dissolves in pure vater at a specific temperature and pH. Henry's Lav 

Constant is a paraaeter used in evaluation of air exposure pathvays. 

Henry's Lav Constant expresses the equilibrium distribution of a 

chemical betveen dilute gas and liquid phases. Henry's Lav Constants 

have been assigned relative categories (high, moderate, lov, very lov) 
-3 3 

compared to a value of 4.6 x 10 atn-m /mole reported by MacKay and 

Leinonor (1975). This equilibrium value represents the point above 

vhich chemicals should be regarded as having high volatility from 

surface vater. The tera K is the partitioning coefficient betveen 

soil organic carbtm and vater. This value (K ) indicates the mobility 

of a substance; the higher the K value, the less aobile the substance. 

Compounds have been categorized into mobility classes by Fetter (1980) 

based on movement throufî  a lov-peraeability glacial till vith about 0.5 

percent soil organic carbon. 

In general, VOCs vith aediua-to-high vapor pressures and lov-to-

moderate K s have a high potential for volatilization, or evaporation, 

from surface soils. These parameters, along vith a high Henry's Lav 

Constant, also indicate the potential for volatilization fron surface 

vater. Medium-to-high vater solubilities and lov-to-noderate K s 
** oc 

indicate thiat transport to groundvater is more likely. 

Setrivolatiles, pesticides, and PCBs, in general, have relatively 

low environmental mobility characteristics. Each of these organic 

classes has a lov or extremely low vapor pressure, lov-to-moderate water 

solubility, high K s and lov Henry's Lav Constant. The lov vapor 

pressures and high R s indicate that these compounds vill strongly bind 
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Volatil* Organics 

T.bla 5-1 

PHYSICAL AND CHEMICAL PROPERTIES Of SELECTED TCL COMPOUHDS 

DETECTED AT THE O.S. SCRAP SITE 

Compounds 

Molacular Weight 

(q/»ol«) 

Solubility 

(»gA) 

Vapor Prassur* 

(imHg) 

H«nry's Law 

Constant 

(atj»-i»^/nol») 

Volatilization 

Potential 
•̂ oc 
(aVg) Mobility Class 

01 
1 

0 

acaton* 

b«nz«n* 

carbon disulfide 

carbon tatrachlorida 

ehtoii5b«r>SBH« 

chloroform 

1,1-dichioioethano 

•thylb«n?;«n4 

1,1,2,2-tetrachloro«than« 

1,1,l-trichloro«than« 

1,1, 2-tLli~hl<iro»th«n« 

toluan* 

xyl«n«s 

58.00 

78.00 

76.00 

154.00 

113.00 

119.00 

99.00 

106.00 

168.00 

133.00 

133.00 

92.00 

106.00 

1.00 

1.75 

2.94 

7.57 

4.«< 

8.20 

5.50 

1.52 

2.90 

1.50 

4.50 

5.35 

1.98 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10 " 

10^ 

10' 

10^ 

lo' 
10* 

10^ 

10' 

10* 

10* 

10* 

10* 

10^ 

2.70 

9.52 

3.60 

9.00 

1.17 

1.51 

1.82 

7.00 

5.00 

1.23 

3.00 

2.81 

1.00 

X 10 

x l O ^ 

X 10' 

X 10^ 

X 10^ 

X 10* 

X 10* 

x i o " 

X 10° 

X 10* 

X 10^ 

X 10^ 

X 10^ 

2.06 X 

5.59 X 

1.23 X 

2.41 X 

3.72 X 

2.78 X 

4.31 X 

6.43 X 

3.81 X 

1.44 X 

1.17 X 

6.37 X 

7.04 X 

10 • 

10"-

10"' 

10"' 

10"-

10-J 

10 • 

io~-

10-^ 

10"' 

10 

10" 

10" 

v«ty low 

high 

' high 

' high 

Modarat* 

•odarat* 

modarat* 

' high 

' low 

' high 

•odarat* 

high 

' high 

1.00 

97.00 

tu. 
232.00 

318.00 

34.00 

45.00 

622.00 : 

88.00 ; 

155.00 

49.00 

242.00 

146-170 i 

vary high 

high 

itx 

Bodacata 

modarata 

vary high 

vary high 

low 

high 

modarata 

vary high 

•odarata 

low-BOdarata 

Saaivolatila Organics 

•canaphthana 

acanaphthylana 

anthracana 

banMit(al"nl'hr*r'Bn« 

banso(a)pyrana 

banto(b)fluoranthana 

baB«o(k)fluor«nthana 

banso(g,h,i)parylena 

bia(2-«thylhaxy1)phthalata 

154.00 

152.00 

178.00 

aai.oo 
252.00 

2S3.00 

233.00 

276.00 

391.00 

3.42 X 10" 

3.93 X 10" 

4.50 X iO"' 

5.70 X 10"-

1.20 X 10''• 

1.40 X 10"' 

4.30 X 10" 

7.00 X 10"' 

tm\ 

1.55 X 10"* 

2.90 X 10"* 

' 1.95 X 10"^ 

' 2.20 X 10"' 

' S.60 X 10'* 

' 5.00 X 10"^ 

' 5.10 X 10"' 

' 1.03 X IO"'" 

NDA 

9.20 X 10"' 

1.48 X IO"' 

1.02 X IO"-* 

1.10 X 10"* 

1.55 X 10°* 

1.19 X 10~* 

3.94 X 10"' 

S.14 X 10"' 

NDK 

low 

•odacata 

acdarata 

vary low 

vary low 

vary low 

vary low 

vary low 

NDA 

2580.00 

His. 

26,000.00 

125,719.00 

MA 

1,148,497 

2,202,971 

NA 

12,200.00 

slight 

NA 

iaanoblla 

innobila 

HA 

imoblla 

iinoblla 

NA 

slight 



Tabla 5-1 (Cont. ) 

P a s t l c l d a n 

Coiapounds 

Nolacular Waiqht 

ig/»ola) 

Solubility 

(•q/L) 

Vapor Prassura 

{nuaicj) 

Hanry 's Law 

Constant 

(ataxia /mala) 

V o l a t i l i s a t i o n 

Potankla l (mtv'O) rVibi l l ty Claan 

chrysana 

dlbanzo(a,h)anthracana 

1,2-dichlorobanzana 

diathylphthalata 

fluoranthene 

fluorene 

Ideno(l,i,J-cd)pyrana 

nitrobenzene 

pentachlorophenol 

phano1 

phenanthrene 

pyrene 

1,2,4-trichlorobanzena 

2,4,6-trichlo rophenol 

228.00 

278.00 

147.00 

222.00 

202.00 

116.00 

276.00 

123.00 

266.00 

94.00 

178.00 

202.00 

181.00 

197.00 

1.80 

5.00 

1.00 

8.96 

2.06 

1.69 

5.30 

1.90 

1.40 

9.30 

1.00 

1.32 

3.00 

8.00 

X 10 

X 10" 

xlO* 

xlO* 

X 10" 

Xlo" 

X 10' 

X 10* 

xlO^ 
4 

X 10 

X lo" 

X 10 

X 10^ 

X 10* 

-1 

6.30 X 10 

1.00 X 10 

1.00 X 10° 

3.50 X 10" 

5.00 X 10" 

7.10 X 10" 

1.0 X 10' 

1.50 X 10~ 

1.10 X 10 

3.41 X 10' 

6.80 X 10" 

2.50 X 10" 

2.90 X 10 

1.20 X 10" 

-10 

-10 

- 1 

- 1 

1 

7 

1 

1 

6 

6 

6 

2 

4 

1 

5 

2 

3 

05 

33 

93 

14 

46 

.42 

86 

X 

X 

X 

X 

X 

X 

X 

10 

10' 

10' 

10 

10' 

10' 

10 

MDA 

.75 

.54 

.59 

.04 

31 

.90 

X 

X 

X 

X 

X 

X 

10 

10 

10 

10 

10 

10 

-7 

-3 

vary low 

vary low 

•odarata 

vary low 

vary low 

low 

vary low 

NDA 

vary low 

vary low 

•odarata 

vary low 

•odarata 

vary low 

420,108.00 

NAI 
343.00 

123.00 • 

19,800.00 I 

5,835.00 : 

NA i 

NA 

900.00 

27.00 

23,000.00 

63,400.00 

1,080.00 

NA 

i o a o b i l a 

NA 

• o d a r a t a 

high 

s l i g h t 

s l i g h t 

NA 

HA 

lew 

vary high 

iaaaoblla 

iBiaobila 

low 

NA 

Aldrin 

Chlordan* 

Heptachlor 

Haptachlor apoxida 

4,4-DDC 

4,4-DOT 

polychlorinatad biphenyls 

365.00 

410.00 

374.00 

389.00 

318.00 

155.00 

328.00 

1.80 X 10"^ 

5.60 X 10" ' 

1.80 X 10" ' 

3.50 X 10~| 

4.00 X 10" ' 

S.OO K lo"-

3.10 X 10" 

6.00 X 10"* 

1.00 X 10"^ 

3.00 X 10"* 

^ 3.00 X 10"* 

' 6.50 X 10"* 

' 9.50 H 10"* 

^ 7.70 X 10"^ 

1.60 X 10"^ 

9.63 X 10"* 

a.19 X 10"* 

3.39 X 10~* 

6.80 X 1 0 " ' 

J .13 X 10"* 

1.07 X 10~* 

vary low 

vary low 

• o d a r a t a 

low 

low 

• o d a r a t a 

• o d a r a t a 

132,000.00. 

53,200.00 

78,400,00 

17,087.00 

155,000.00, 

238,000.00' 

63,914 - [ 

349,462 

iaoaobila 

i imob l l a 

lamoblla 

s l i g h t 

l a n o b i l a 

isniobila 

i B M b i l * 

NA Not applicable. 

NDA No data available. 



to surf-.cial soils. These tvo factors, plus lov Henry's Lav Constants, 

indica•<• that, additionally, these conpounds vill strongly partition to 

sedimeiii:s folloving transport to surface vater. As stated previously, 

the lov--to-moderate vater solubilities and high K s suggest a strong 

propensity to bind to soil, resulting in significantly retarded 

transport of these chemicals to groundvater. The high K values of 

these compounds indicate that movement of the chemicals once in the 

groundvater system, vill again be significantly retarded relative to 

groundvater flov. 

Menials in vastes may be in a metallic form; sorbed or chelated by 

organic matter or oxides; sorbed on ion exchange sites of vaste 

constituents or soil colloids; or in the soil solution. Most metals are 

immobile at normal soil pHs and become significantly leachable only if 

acidic .solutions are present in the soils. Hovever, some metals, like 

aluminun, may also become mobile in basic solutions. In the normal 

range ô : pH values, metals have lov concentrations in the soil solution 

and vill not be leached at an appreciable rate. Other environmental 

factors vhich influence metal mobility in soils include clay content, 

organic content, oxidation-reduction potential, and carbonate content of 

soil. 

Speciation of netals is an important factor in their mobility. If 

the metals are present as oxides or hydroxides, they vill remain 

relatively inmobile. If metals are present as soluble salts, the most 

likely reaction that may occur is the hydrolysis of metals to either 

oxides or hydroxides, or the precipitation of lov-solubility sulfates or 

carbona:es. Vhen acids have been spilled on soils, the mobility of the 

metals vill be increased until the acids have been neutralized by native 

soil allcalis. 

Physical and chemical properties of substances in soil can vary 

significantly depending on many factors including pH, oxidation-re

duction potential, and soil type. It is important to note that the 

actual migration and fate of the compounds and analytes depends to a 

g r e a t «;{tent on the physical and chenical features of the site such as 

temperature, pH, percent soil moisture, geochemistry, and soil type. 

Other factors that must be considered are the formation of trans

formation by-products and potential reactions betveen chemicals. 
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5.5.2 Factors Affecting Pate and Transport 

This section presents a brief discussion (f the physical, chemical, 

and biological processes that are thought to aifect the transport of 

organic contaminants in the saturated (groundvater) zone and surface 

water. Organic contaminants can reach the groundwater either in a 

dissolved state in water or in separate organic liquid phases that may 

be immiscible to some extent in water (MacKay et al. 1985). The 

presence of contzuiinants in the groundwater at the U.S. Scrap site is 

the resjlt of spills, disposal of waste in excavated pits or in tbe 

abandoned production well, or leaching of solid phases or liquids in the 

vadose zone. Organic contaminants can reach surface vater through 

surface vater runoff containing contaminated soil particulates, 

contaminants leached fron adjacent soils, or through the discharge of 

groundvater leachate seeps. 

The processes affecting transport of contaminants to groundvater 

are advection, hydrodynanic dispersion, sorbtion (i.e., retardation), 

and traisfornation, and to surface vater, sorbtion. 

Adsection. Advection is the process by vhich solutes are 

transported by the bulk notion of floving groundvater. In nost flov 

systems, advection is the principal mechanism-controlling the distance 

traveled by a solute dovngradient of a contaminant source. The 

magnitude of advection is usually represented by the average linear 

velocity at vhich groundvater flovs through a given subsurface material, 

and is equal to the product of the hydraulic gradient and the ratio of 

the material's hydraulic conductivity (see Section 4.1.4.4) to the 

effecti/e porosity. Heterogeneities (i.e., grain size variations and 

fractures) across and vithin stratigraphic units result in variations in 

groundvater flov velocities and cause the pattern of solute distribution 

to vary fron the pattern that vould occur in homogenous beds. The hy

draulic conductivity differences vithin these heterogeneities can be as 

large as an order of magnitude or more as a result of very slight 

variations in grain size characteristics or as a result of the presence 

of fractures. This in turn affects the ultimate diirensions of solute 

migration. At the U.S. Scrap site, advective flow vould affect solute 

transport in both the upper veathered clay till and the lover dolomite 

bedrock. In the upper clay till, advective flov is occurring in the 
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fracturcis, as evidenced by the presence of selenite and oxidatitm stains 

in the Jiractures. Grain size does increase vith depth, but this factor 

is not expected to have a significant impact. The hydraulic conduc

tivity of the clay till is slightly higher than vould be expected 

because of the presence of fractures. Normally, solute trainsport by 

advective flov vould be inhibited in clay till. A large percentage of 

the volatile organic compounds detected in off-site, shallov moritoring 

veils screened in the clay till have probably migrated as a resalt of 

advective flow through fractures vithin the veathered portion of the 

till. Hovever, the only veils containing contaminated groundvaner vere 

those close to a contaminant source. This fact provides evidence that 

t h e rat<> of solute migration is slov, as vould be expected in tie clay 

till. Advective flov through fractures has had an effect on tbe release 

of contaminated groundvater to the MSD ponds located in the vetland 

area, and leachate activity along the eastern banks supports this. 

In the lover dolomite bedrock, advective flov occurs in fractures, 

along bedding planes, and via solution cavities. The hydraulic 

conductiLvity for the dolomite is higher than expected because of the 

secondaiiy permeability created by the fractures. No contaminants have 

been deflected in off-site aonitoring Veils screened in tbe dolonite. 

This lack of contamination aay indicate that advective flov has a 

limited effect on solute transport in the dolomite, or it aiay be a 

reflection of limited contaninant sources for this flov systea. 

Dl.';persion. Hydrodynanic dispersion refers to the spread of 

contaminants as they aove vith tbe groundvater. This process is a 

combina'rion of nechanical mixing and aolecular diffusion. Hedsnical 

mixing results idien vater containing a solute moves throiigh the earth in 

flov pa':hs of varying lengths. Diffusion occurs because of the tberao-

kinetic activity betveen individual solute particles. Both of these 

components contribute to the dilution of contaminants and atteruation of 

contamrlnant concentration during transport from the source. Ir fine

grained subsurface materials, vich lov groundwater velocities, diffusion 

will tend to dominate the dispersion process. 

In the fine-grained clay till at the U.S. Scrap site, fflol€cular 

diffusion would have a greater effect on solute transfer than vould 
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mechanical mixing. Hovever, diffusion is a slov process and vould re

quire a long period of time before solute vould migrate any significant 

distance. 

In flow regimes with higher groundwater flow velocities, mechanical 

mixing :.s the dominant process. In the dolomite bedrock at tlTe U.S. 

Scrap s:.te, mechanical mixing would have a greater effect on solute 

migration than molecular diffusion. Mechanical mixing occurs at a much 

higher rate tham molecular diffusion. 

Soirbtion. Organic solutes, especially those that are relatively 

insoluble in water (e.g., PAHs, PCBs, and pesticides), tend to be sorbed 

by sedinent and soil particles. In the saturated zone, this interaction 

results in solute distribution between the aqueous phase and the aquifer 

solids, a corresponding reduction of concentration in the aqueous phase, 

and retardation of the movement of the solute relative to groundwater 

flow. This means that the more a given contaminant is sorbed, the more 

its transport and ultimately its distribution throughout the environment 

will be retarded. Oesorption is also a factor in solute transport. 

Because desorption is the reverse process of sorption, contaninants 

sorbed onto soil or sediment can desorb. As a result of desorption, 

surface and subsurface soils and surface water sediment can be con

sidered additional contaminant sources. 

High K values and low solubilities for semivolatiles, pesticides, 

and PCBfs indicate the preference for these compounds to sorb onto soil 

particulates in the vadose zone, onto organic matter in the aquifer, or 

onto mineral surfaces. The high concentrations of pesticides/PCBs in 

on-site composite and discrete surface soils and subsurface soils, and 

the abs<*nce or lov concentrations of these compounds in groundvater 

relativi* to soil saaples indicates that sorbtion aay be a major process 

affecting solute transport at the U.S. Scrap site. Sorption on silt/ 

clay-sl;!ed fractions is greater than on sand-sized particles, so the 

nature of the glacial till, as well as the physical and chemical prop

erties of compounds detected at the U.S. Scrap site, is contributing to 

thci amojnt of sorbtion and the resulting retardation of the solute 

migration. 

In heavily contaminated areas in the vicinity of on-site, previous

ly existing wells, competition for sorption sites will result in 
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saturation of these sites and the subsequent inability of the clay to 

further retard contaminant migration. High semivolatile and low 

pesticide and PCB concentrations in Round 2 groundwater saaples frcm 

these wells indicate this saturation process may be in progress. 

Sorbtion is also affecting fate and transport of contajaLinants Co 

surface water. The conclusion that VOCs are volatilizing frcm the 

surface water is based on evidence that no VOCs were detected in siiurface 

water samples collected from the MSD ponds that could not be considered 

common [Laboratory artifacts. Hovever, sediment samples contain rela

tively high semivolatile (particularly PAH) and pesticide concentra

tions. 

Transformation. The final process affecting contaminant transport 

is transformation. Transformation is the changing of organic compounds 

into other compounds by complex chemical and biological mechanisms, 

thereby reducing the concentration of a given compound duriog its life

span in a groundvater system. The principal chemical reactions 

affecting contaminant transformation are hydrolysis, oxidation, and 

photolysiis. Hydrolysis is a chemical reaction in vhich vater reacts 

vith another compound to form tvo or more nev, different conpounds. 

Hydrolys.'is is important in the transformation of esters, aai^s, alkyl 

halides, epoxides, and phosphoric esters. Oxidation is a chenical 

reaction Involving transfer of electrons betveen tvo compound in vhich 

one of the compounds gains an electron (oxidizes) and other compound 

loses art electron (reduces). Tvo different compounds vith different 

properties result. Oxidation plays an inportant role in the transforaa-

tion of alcohols, acids, and aldehydes. Photolysis transfoms coapounds 

in vatei in the presence of sunlight into siapler, different coaponDds 

vith different properties. Generally, the final substances are carbon 

monoxide, hydrogen, vater, eind other simple compounds. Transformation 

by photclysis results vhen the compound in vater absorbs one or more 

quanta cf radiation. If a chemical can absorb light at ultraviolet vave 

lenijths greater than 290 nm, it is capable of umdergoing phc:olysis. 

Photolysis is important in the transformation of aldeaydes, iietones, 

nltroger-containing compounds, and metallic conpounds- The principal 

biological mechanism affecting contaminant transforaation is biodegrada-

tion mediated by microorganisms attached to soil surfaces. 
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Biodegradation can occur both above and belov the vater table 

surface. It is believed that most c'lemical reactions vithin the 

saturated zone, including hydrolysis and oxidation, take place more 

slovly than transformations resulting from biodegradation (MacKay et al. 

1985). For this reason, only biodegradation will be discu^ed here. 

Research indicates that chlorinated solvents can be degraded in an 

anaerobic environment by reductive dehalogenation (Cline and Viste 

1984). The removal of chlorine atoms from halogenated one- and two-

carbon aliphatic compounds results in other volatile compounds, which 

can be detected in groundvater systems. Cline and Viste (1984) also 

repKjrt that the presence of nonchlorinated carbon sources such as 

toluene, ethylbenzene, and benzene (i.e., fuel components) near the 

vater table surface can promote rapid co-metabolism to dehalogenate 

chlorinated compounds. The anaerobic breakdovn sequence for chlorinated 

ethenes and ethanes via reductive dehalogenation is shovn belov: 

Ethenes 

tetrachloroethene -> trichloroethene -> 1,1-dichloroethene and 

trans-1,2-dichloroethene -» vinyl chloride. 

I 

Ethanes 

1,1,1-t richloroethane -> 1,1-dichloroethane -• chloroethane 

Whether or not biodegradation is occurring at the U.S. Scrap site 

is unknovn. It is likely, hovever, assuming anaerobic conditions exist 

in the saturated zone. All of the "parent" and breakdovn coapounds 

shovn above have been detected at the site, including the end products, 

vinyl ciloride (in samples GV19, GV28, GV30, and GV31 from Round 2) and 

chloroethane (in sample SS13 from Round 1). 

Studies have shovn that PCBs are also susceptible to biodegradation 

by nicraorganisms. This may be a potentially important mechanism for 

PCE' attenuation in contaminated soils. Rates of PCB biodegradation vary 

widely depending on the composition and distribution of biota, concen

tration of PCBs, availability of other nutrients, temperature, and other 

factors. Griffin and Chian (1979) report that PCBs are degraded 

aerobically and that degradation of vater-soluble Aroclor 1242 by mixed 
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cultures of soil aicroorganisms can occur over a relatively short period 

of tine. In the Griffin and Chian study, degradation rates varied from 

monochlcro isomers, vhich vere degraded 100 percent vithin 6 hours, to 

tetrachloro isomers, vhich vere degraded an average 42 percent after 15 

days, in general, lover chlorinated isomers were niore easily degraded 

than higher chlorinated isomers. Griffin and Chian (1979) also postu

lated that if dehalogenation and degradation can occur simultaneously, 

then PCEs could be broken down into small, nonchlorinated conpounds. (A 

PCB breakdovn hierarchy was not reported in the study.) However, the 

relevance of these results to a groundwater system where anaerobic 

conditions nay exist is uncertain. 

5.5.3 Toxicological Properties of Detected Contaminants 

This .section provides information on the major toxicological groups 

that veie encountered at the U.S. Scrap site. All major groupings that 

were detected at or around the site are represented, but only the com

pounds detected in significant concentrations are profiled. Significant 

concenttatioos take into account that some compounds are highly toxic at 

very lov levels, vhile other compounds are toxic only at very high 

levels. Each profile gives pertinent characteristics of the contaai

nant. The bibliography for this section of the Special Study covering 

toxicological properties of detected substances is provided in Section 

7.2. 
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Selected Contaninants 

ARSENIC (CAS No. 7740-38-2) 

Environnental Chemistry and Fate 

Arsenic may be released to the atmosphere as a gas~or l^pbr, or 

absorbed to particulate matter and transported to other media by dry or 

wet deposition (Agency for Toxic Substances and Disease Registry [AT3DR] 

1987a). Because trivalent arsenic may undergo oxidation in the air, 

atnospheric arsenic is usually a mixture of trivalent and pentavalent 

forms. Most airborne arsenic is usually adsorbed on small-diameter 

particulate matter. Photolysis is not considered to be an important 

fate process for arsenic. 

Arsenic in surface water can undergo a complex pattern of trans

formations: oxidation-reduction, ligand exchange, biotransformation, 

and precipitation and adsorption (Callahan et al. 1979). As a con

sequence of these reactions, arsenic is extremely mobile in aquatic 

systems, and river-borne arsenic is capable of being transported great 

distances. Factors nost strongly influencing the rates of these 

reactions include; Eh, Ph, metal sulfide and sulfide ion concentrations, 

iron concentration, presence of phospliorus minerals, temperature, 

salinity, and distribution and composition of biota (Callahan et al. 

1979). 

Sorption onto clays, iron oxides, manganese compounds, and organic 

natter is an inportant fate in surface water, with sediment serving as a 

reservoir for nost of the arsenic entering surface vater. Sediment-

bound tilvalent and pentavalent arsenic, methylated by aerobic and 

anaerobic microorganisms, may be released back into the vater column. 

Soluble foras of arsenic adsorb to soil and travel vith the soil 

matter vith vhich they are associated. Shifts in oxidation state may 

occur ill either direction, depending on the particular characteristics 

of the soil and groundvater. Volatilization of methylated arsenics from 

groundvc.ter is possible. 

Arjenic in soil is predominantly found in an insoluble, adsorbed 

form. {:iay vith high anion-exchange capacity strongly adsorbs penta

valent cirsenic. Other important adsorption processes include complexa-

tion ami chelation by organic material, iron, or calcium. Leaching of 
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arsenic is usually important in the top 30 centineters of soil, but may 

also be important at greater depth in sandy soils. Arsenate predomi

nates il aerobic soils; arsenite in slightly reduced soils; arsine, 

methylated arsenicals, and elemental arsenics in very reduced conditions 

(e.g., 3vamps and hogs) (ATSDR 19b/a). ~ " — -

As noted above, microorganisms may reduce and methylate arsenicals 

in vater and soil, resulting in volatilization and emission to the air. 

The volatilization rate is heavily dependent on vhether soil is oxygen

ated or anaerobic, the pH, and the microbe types and concentrations in 

soils. 

In aquatic systems, bioconcentration of arsenic primarily occurs in 

algae ajid lover invertebrates, but biomagnification does not appear to 

be significant (Callahan et al. 1979). 

PLants may accumulate arsenic via root uptake, vith uptake being 

dependent on the species, soil arsenic concentration, and soil charac

teristics. 

NoncarcLnogenic Effects 

At high doses, arsenic compounds have been shovn to produce acute 

and chronic toxic effects including i'rreversible systemic damage. The 

trivalent compounds are the most toxic and tend to accumulate in the 

body. iVnimal studies have shovn that chronic arsenic exposure aaj cause 

body veight changes, decreased blood hemoglobin, liver damage, ami 

kidney damage. 

Thc>re is evidence that arsenic is an essential element enhancing 

grovth iind development in certain animal species, and it has been sug

gested that arsenic aay be an essential element for humans (National 

Academy of Sciences [HAS] 1980). Vhether or not arsenic is an essential 

element is the subject of continuing research. 

Teratogenic effects of arsenic compounds at relatively high ex

posure Levels have been demonstrated in a number of animal species (U.S-

EPA 198 if; ATSDR 1987a). Generally, these effects have been observed 

following parenteral (injection) administration; administration at lower 

doses by the more relevant oral route has not resulted in any sigiifi-

cant reijroductive or developmental effects. 
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Mutagenicity and Carcinogenicity 

Arsenic has been shown to be mutagenic in several assay systems and 

to indu:e chronosomi-l aberrations in vivo and in vitro. Animal carcino

genicity studies have reported conflicting results. Several studies 

have rexirted an increased incidence df~hronchbgenic carcinomas in ICILS 

exposed intratracheally to an arsenic-containing pesticide. Reasons for 

inconsistent carcinogenicity findings in animals may include inappropri

ate selection of an animal model, and use of flawed study designs. In 

humans, epidemiologic studies and case reports have reported that 

arsenic is associated with tumors of the skin, lungs, genital organs, 

and visual organs (U.S. EPA 19841; U.S. EPA 1985c; ATSDR 1987a). 

U.:>. BPA has classified arsenic in Group A, i.e., as a human 

carcinojjen, bcLsed on extensive evidence of human carcinogenicity through 

inhalat.ion and ingestion exposure (U.S. EPA 1985c). 

Drinking; Water Standards and Criteria 

Stiindards. The current Maximum Contaminemt Level (MCL) for arsenic 

under tlie National Interim Drinking Water Regulations is 50 yg/L. The 

NAS Drinking Water Committee has analyzed the toxicology of arsenic (NAS 

1983). Based upon this evaluation, MAS recommended the retention of the 

HCL pemling resolution of the question of vhether arsenic is an es

sential eleaent in the human diet. 

NA;; also examined the available epidemiologic studies vhich vere 

designe<l to investigate the relationship betveen arsenic exposure and 

skin cancer in the United States. The conclusion of the report vas that 

these studies lacked statistical pover to determine vhether arsenic 

causes !;kin cancer. Hovever, the report stated that precursors of skin 

cancer, noraally seen in cases of arsenic-induced skin cancer, vere not 

seen in these studies. 

Consistent vith the NAS recommendations, U.S. EPA has proposed that 

the Ma>:imura Contaminant Level Goal (MCLG) remain at the current MCL of 

50 ug /L . In its determination, U.S. EPA stated that the MCL vas belov 

concentrations at which noncarcinogenic toxicity had been demonstrated 

and was vithin the concentration range vhich might be, based on further 

investigation, essential for humans (U.S. EPA 1985c). 
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Criteria. Based upon recommendations of NAS, U.S. EPA has proposed 

that all health advisories for arsenic be set at 50 ug/L (U.S. EPA 

1985d). The U.S. EPA ambient water quality criterion for the protection 

of humai health is 22 yg/L, corresponding to 1 x 10 lifetime excess 

cancer risk calculated on the basis of an epidemiological sttidy of—skiri 

cancer ;among Taiwanese exposed via drinking water (U.S. EPA 1980b). 
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BENZENE (CAS No. 71-43-2) 

Environmental Chemijtry and Fate 

Thi> relevant physical and chemical properties and environnental 

fate of benzene are summarized below' (U7Sr EPA 1966a). 

MolecuLar weight 78 
(g/mole) 

Water solubility 1,750 
(mg/L at 25''C) 

Vapor pressure 95.2 
(mmHg at 25"C) 

•r ̂  ..«-3 Henry's Law Constant 
(atm-m .'mole) 

5.6 X 10" 

Log K 2.12 
* ow 

K 83 
00 

BCF 5.2 

Benzene has a high vater solubility and vapor pressure. As a 

consequence of these tvo properties, 'benzene can be characterized as a 

highly mobile chenical. For benzene released to air, some rainvater 

vashout is anticipated. After deposition in vater or soil, volatili

zation is expected to return soae portion to the atmosphere. Based on 

the high Henry's Lav Constant of benzene, volatilization vill result in 

substantial loss to the atmosphere folloving release to vater. 

Dui> to benzene's high vater solubility and high vapor pressure, 

transport to sediments is not expected to be a major surface vater fate 

process. 

Benzene released to soil can be transported to air via volatili

zation, to surface vater via runoff, and to groundvater via leaching. 

Thf' first two pathvays predominate in surficial soil, vhereas the latter 

pathvay predominates at lover soil depths. 

According to criteria developed by Kenaga (1980), benzene vith a 

K of 33 would be considered to be mobile in soils. Other factors that 
oc 

influence soil mobility include soil type, the amount of rainfall, the 

depth tD groundwater, and the extent of degradation (ATSDR 1987b). 
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Benzene is rapidly degraded in the atmosphere via reaction with the 

hydroxy radical. In soils and vaters, biodegradation is an inportant 

process . 

Noncarcinogenic Effects 

Th<; best known and longest recognized toxic effect of benzene in 

huaans is depression of bone marrow function. Benzene-exposed indivi

duals have been found to display anemia, leucopenia, and/or thrombo

cytopenia (U.S. EPA 1985c; ATSDR 1987b). When simultaneous depression 

of all three cell types (pancytopenia) is accompanied by bone marrow 

necrosi:;, the syndrome is called aplastic anemia. 

Carcinogenicity and Mutagenicity 

Ex<:ess leukemia mortality, particularly acute myelogenous amd nono-

cytic li>ukemia, has been demonstrated among humeuis occupationally ex

posed to benzene. In addition t o this definitive huaan evidence, 

several long-term bioassays have deaonstrated increased incidences of 

tUHors iind leukemia folloving administration in animals. Based pri

marily upon the direct evidence in man, U.S. EPA has classified benzene 

according to weight~of-evidence carcibogenicity criteria in Group A, 

huaan carcinogen—sufficient evidence from epidemiological studies (U.S. 

EPA 1987a). 

Benzene has been tested extensively for genotoxic properties. 

Benzene vas not mutagenic in several bacterial and yeast systems. 

Equivocal results have been reported for clastogenic results in vitro; 

several investigators have reported positive results in mouse micro-

nucleus assays, as veil as studies of chromosomal observations in 

rabbits. 

Ma:iy investigators have reported significant increases in chrono-

soBal aberrations in symptomatic and asymptomatic vorkers vith either a 

current or past history of exposure to benzene. 

Drinking Vater Standards 

U.S. EPA has established a final drinking vater HCL of 5 yg/L (U.S, 

EPA 1987a). 
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CADMIUM (CAS No. 7740-43-9) 

Eiivironmental Chemistry and Pate 

The primary sources of atmospheric cadmium are combustion of coal 

and petroleum products. Cadmiun from these sources is primarily~ad-

sorbed on small, highly respirable particles, vhich can be transported 

over large distances and transferred to otlier environmental conpartments 

via wet deposition. Cadmium adsorbed to small particulates is more per

sistent than that adsorbed to larger particulates. Photochemical 

reactions are apparently not involved in the environmental fate of cad

mium (ATSDR 1987h). 

Relative to other metals, cadniun is mobile in surface water. In 

natural waters, cadnium exists as a hydrated ion, netal-inorganic com

plexes with carbonate hydroxyl, chlorine, or sulfate anions; or as 

raetal-organic complexes vith hunic acids (ATSDR 1987h). 

Because it exists only as the divalent cation, aqueous cadmium is 

not strongly influenced by the redox potential of vater. Hovever, under 

reducing conditions forming sulfide, cadmium vill precipitate in sed

iments as cadmium sulfide. The concentration of aqueous cadmium is 

usually inversely related to the pB Value and the amount of orgcinic 

material present (ATSDR 1987h). Hualc acid substances account for most 

of the organic complexes, vith solubility dependent on the nature of the 

humic substance. Sorption by clays and iron oxides is important in re

ducing aquatic cadaium concentrations. 

Cadmium concentrations are typically lov in groundvater due to 

several factors. These factors include sorption by mineral matter and 

clay, binding to huaic substances, precipitation as cadmium sulfide in 

the presence of sulfide, and precipitation as cadaium carbonate at high 

pHs. 

Ir soil, cadmium may occur as free cadmium conpounds or as the 

divalert ion dissolved in soil. As a consequence of cation exchange, 

cadmiun may be bound to soil miaerals or organic constituents. The 

aerobic nature of topsoils tends to reduce the amount of cadmium bound 

to sulfide. High soil acidity favors release of the divalent cadmium 

cation and its uptake by plants. 
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Cadmium is not reduced or methylated by nicroorganisns. Hovever, 

the biological production of sulfide results in cadmiun precipitation. 

Cadmium is strongly accumulated by all organisms, vith concentrations in 

freshwater and marine organisms hundreds to thousands of times higher 

than in water being typical. Bioaccunulation of cadmium isT'strongly 

correlated with soil cation-exchange capacity (CEC), decreasing with 

increasing CEC. Bioconcentration in aquatic life is greatest for bottom 

feeders (e.g., mollusks and crustaceans), followed by fish and aquatic 

plants (ATSDR 1987h). Bioaccumulation due to the use of cadmium-

containing pesticides on food crops has been noted in beef and poultry. 

Noncarcinogenic Effects 

Acute and chronic exposure to cadmium in aniaals and humans results 

in renal dysfunction, hypertension, anemia, and altered liver nicrosooal 

activity. The kidney is considered to be the critical target organ in 

humans chronically exposed to cadmium by ingestion. The early clinical 

signs of renal injury include proteinuria, glucosuria, and amino

aciduria. 

To calculate a drinking water equivalent level (DWEL), U.S. EPA 

used renal dysfunction as an endpoint?, and the most widely accepted 

estiaate for the critical (threshold) concentration of cadmiua in the 

renal cortex—200 u g / g ' Using a A.5X absorption of the daily dose and 

O.OIX excretion in the total body burden per day, U.S. EPA calculated a 

Lovest-Observed-Adverse-Effeet Level (LOAEL) of 352 yg/day for renal 

effects in huaans. Incorporating an uncertainty factor of 10, U.S. EPA 

has deviiloped a Reference Dose (RfD) of 35 ug/day. Adjusting the RfD 

for con.sumption of 2 liters of vater per day, U.S. EPA has derived a 

provisional DWEL of 18 yg/L (U.S. EPA 1985c). 

Embryotoxic and teratogenic effects have been deaonstrated in many 

mammalian species folloving parenteral administration of high doses of 

cadmiun. In contrast, there is little evidence of these effects at 

lover doses by either of the more relevant inhalation and oral exposure 

routes ;U,S. EPA 1981, ATSDR 1987h). 
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Carcinogenicity and Mutagenicity 

Cadmium chloride aerosol administered by inhalation for 18 months 

produced lung tumors in rats. In contrast, all cancer bioassays in 

vhich cadmium has been administered orally have been negative. Recent 

epidemiological studies indicated that workers chronically exposed to-

cadmium are at risk of elevated lung cancer mortality. According to its 

veight-of-evidence carcinogenicity criteria, U.S. EPA has classified 

cadmium in Group Bl (probable human carcinogen) for inhalation based on 

the epiiemiological data (U.S. EPA 1986a). 

While the agency has concluded that cadmiun is a carcinogen by the 

inhalation route, U.S. EPA has classified the chemical in Group D, 

inadequate evidence for carcinogenicity for the oral route of exposure, 

because of the negative results reported for cancer bioassays in vhich 

cadmium vas administered orally (U.S. EPA 1986a). Consistent vith this 

categorization, U.S. EPA has proposed that the MCL for cadmiun be set 

based uijon noncarcinogenic toxicological endpoints. 

Drinking Water Standards 

Th<; current MCL for cadmium, under the National Interim Primary 

Drinking Water Regulations, is 10 yg/L. This level vas designed to 

prevent renal dysfunction, and vas based on a critical value of cadnium 

in the kidney cortex of 200 yg/g, and assumptions on gastrointestinal 

absorption, excretion of the absorbed dose, daily excretion of the total 

body buirden, and daily dietary cadmium intakes. The World Health 

Organization (WHO) guideline for drinking vater is 5 yg/L. This figure 

vas based on a value for provisional tolerable veekly cadaiua intake, 

assuming that 25X of the total cadmium intake vas attributable to 

drinking vater. U.S. EPA has proposed an MCLG of 5 yg/L based upon the 

WHO guidelines and the NAS Suggested No Adverse Response Level (SNARL) 

(U.S. EPA 1985c). 
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CHLOROPUENOLS ( 2-CHLOROPHENOL AND 2,4-DICHLOROPHENOL) (CAS Sos. 95-57-8 

and 12-133-2) 

Environmental Chemistry and Fate 

Th<5 relevant physical and chemical properties olt chTofopcienol (CF) 

and 2,4-dichlorophenol (DCP) are summarized in the table belov (Arthur 

D. Little, Inc. 1982; U.S. EPA 1986c). 

Compound 

Molecular weight 
(g/mole) 

Water solubility 
(mg/L at 2500 

Vapor pressure 
(mmHg at 25°C) 

Henry's Law Constant 
(atn-m' .''mole) 

Log K * ow 

K oc 

BCF 

Thi; above data shov that both CP and DCP have high vater solubili

ties and lov vapor pressures. Additionally, using the K of DCP, the 

tvo chlorophenols have moderate K s. These three values indicate that 
^ oc 

both volatilization from surface soils and infiltration to groundvater 

are important transport pathvays. The high Henry's Lav Constant, along 

vith thi* high vater solubility and moderate K , indicates that 
oc 

volatilization is an important transport pathvay from surface vater. 

However, its lov Henry's Lav Constant indicates that both volatilization 

and partitioning to sediments are important pathvays in surface vater. 

Biodegradation in soils and surface vater are significait trans-

formatrion processes (Arthur D. Little, Inc. 1982). No data vere found 

concerning biodegradation in groundvater. 

Bioconcentration factors (BCFs) indicate moderate bioconcentration 

in aquatic species. 
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2-chlorophenol 

129 

28,500 (20°C) 

2.2 

1.3 X 10"^ 

2.17 

(No da ta a v a i l a b l e ) 

214 

2 , 4 - d i chiorophenol 

163 

4,600 (20''C) 

0.06 

2.75 X 10"^ 

2.9 

380 

41 



Noncarcinogenic Effects 

In rodents subjected to acute high oral exposures, CP and DCP elic

ited re.'spiratory excitation, clonic convulsions, and/or motor veakness 

(hypotonia). Fev long-term animal studies are available. Those fev 

that aro available shov reduction in hematological parameters"or enzyme 

changes. No data vere found concerning effects of CP and DCP on the 

developing embryo or the reproductive process. 

Carcinogenicity and Mutagenicity 

No data vere found concerning the potential carcinogenicity of CP 

or DCP by the oral route. Hovever, CP and DCP vere reported to promote 

tumors ]:olloving a single dermal application of dimethylbenzanthracene 

on mous<! skin (Boutvell and Bosch 1959). 

According to research by Chung, CP has been shovn to be mutagenic 

in Sprague Davley rats fed 130 mg/kg CP every other day for one veek. 

In these rats a six-fold increased incidence of chromatid deletions (12% 

versus 2X in controls) vas seen. Complete inhibition of mitosis vas 

reported in bone narrov cells taken from treated rats. 

DCP, tested using the Ames Salmonella microsomal assay, vas re

ported cts not nutagenic vith and vith'out activation. 

Consequently, vhereas CP can be classified as mutagenic, there are 

insufficient data to evaluate the mutagenicity of DCP. 

Drinking Water Standards 

U.5I. EPA has not issued any drinking vater standards, health 

advisories, or other criteria for CP or DCP. 
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CHROMIUM (CAS No. 7440-47-3) 

Environmental Chemistry and Fate 

The doninant chromium species in vater and sediment are hexavalent 

chromium (Cr(VI)] and trivalent chronium [Cr(III)J, both of vhich vill 

partition betveen vater and sediment. The principal chromium species 

that vill enter into chromium equilibrium in natural vater is 

Cr(OH)-. In soil, Cr(III) is the doninant species. Hexavalent chromium 

is soluble in vater, existing in solution as a complex anion. CR(III) 

maj' be soluble as an organic complex (Tovill et al. 1978), depending on 

the availability of suitable complexing agents. Cr(VI) is readily 

reduced by organic matter to Cr(III). Cr(III) may be slovly oxidized to 

Cr(VI) in anbient vater (U.S. EPA 1985a). Cr(III) is likely to be 

precipitated as insoluble Cr(OH)_ and deposited in sediment. In the pH 

range of natural vater, 5.0 to 9.0, and in the presence of chlorides, 

Cr(III) conpounds are likely to precipitate as Cr(OH)-. Higher pH 

levels are likely to increase Cr(OH)., formation. Most of the Cr(III) 

present in surface vater is present as particulate matter in sediment. 

Host chromiun in soil is in a nineral state, either adsorbed or 

precipitated (U.S. EPA 1985k). Organic matter present in soil is likely 

to reduce any soluble chromate to insoluble chronium trioxlde (Cr.O.). 

The most conmon form of chroaium in soil is Cr(III) as Cr̂ 0.̂ -nH> (U.S. 

EPA 1985k). 

Chromium may be deposited in surface vater and sediment by surface 

runoff, atnospheric deposition of chromium-containing particulate 

matter, and emissions from specific chromium sources (Versar 1979). 

Cr(VI), due to its solubility, is likely to be transported by vater. 

Cr(III) may also be transported by vater as suspended particulate natter 

or as bedload sediment. 

Flooding of soils and the resulting anaerobic decomposition of 

plant matter may increase dissolution of Crp0--nfl„0 in soil (Tovill et 

al. 1978). Chronium is also transported from soil by runoff and may be 

transported to the atmosphere by aerosol formation (John et al. 1973). 

No data vere found to indicate that photolysis, volatilization, or 

sorption are important factors in the environmental fate and transport 

of chromiun (U.S. EPA 1985k). 

5-30 



Noncarcinogenic Effects 

There are tvo chronium valences of principal concern in soil and 

drinking vater—Cr(III) and Cr(VI). Cr(VI) is much more toxic than 

Cr(III) and has been shovn to produce liver and kidney damage, internal 

hemorrhages, and respiratory disorders. U.S. EPA has developed an 

adjusted acceptable daily intake (AADI) for total chromium based upon 

effects of Cr(VI) for the folloving reasons (U.S. EPA 1985k): 

• The tvo valences are in dynamic equilibrium in aqueous 

media; 

• An AADI based upon Cr(VI), the more toxic of the tvo 

valences, vill be conservative (health protective); and 

• Reduction of Cr(VI) to Cr(III) in the stomach folloving 

oral intake is incomplete, and, relative to Cr(III), there 

is greater Cr(VI) absorption and tissue accumulation. 

U.S. EPA derived the provisional AADI for total chromium based on a 

No-Observed-Adverse-Effect-Level (NOA'EL) reported in a study in vhich 

rats vere exposed to Cr(VI) in drinking vater for 1 year. Based on a 

NOAEL of 2.41 mg/kg/day, an uncertainty factor of 500, and standard 

intake and physiological assumptions, U.S. EPA derived a reference dose 

of 4.8 K 10"-̂  mg/kg/day (U.S. EPA 1987). 

Carcinogenicity and Mutagenicity 

Based on positive epidemiological studies demonstrating excess can

cer mortality aaong Cr(VI)-exposed vorkers and positive animal studies, 

U.S. EPA has classified Cr(VI) in Group A—sufficient evidence of 

carcinogenicity in huaans and animals (U.S. EPA 1985k). However, since 

chroniuTi has not been shown to be carcinogenic by the oral route, U.S. 

EPA ha.s concluded that chromium in drinking water should be regulated 

ba.sed upon noncarcinogenic chronic toxicity data (U.S. EPA 1985k, 

1985b). 

Cr(VI) has demonstrated consistently positive mutagenic activity in 

a nunber of bacterial systems. Both Cr(III) and Cr(VI) have been shown 
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to inteiract with DNA in bacterial assays. Cr(VI) has inhibited DNA 

synthef :Ls and increased unscheduled DNA synthesis in mammalian cells in 

culturf.. Both valances have been denonstrated to produce clastogenic 

effects in mammalian cells. Increased frequencies of chromosomal aber

rations have also been observed in occiTpationally exposed vorkers. 
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CYANIDEi (CAS No. 57-12-5) 

Environmental Chemistry and Fat̂ -

Thcj relevant physical and chemical properties (U.S. EPA 1986a) and 

enviroiiinental fate of cyanides are summarized below: - — 

Chemical 
Name 

1 barium 
cyanide 

calcium 
cyanide 

1 copper 
1 cyanide 

1 cyanogen 

cyanogen 
1 chlorido 

' hydrogen 
cyanide 

1 nickel 
cyanide 

potassium 
cyanide 

potassium 
silver 
cyanide 

silver 
cyanide 

sodium 
cyanid«B 

zinc 
cyanide 

CAS 
No. 

542-62-l' 

502-01-8 

544-92-3 

460-19-5 

506-77-4 

74-90-8 

557-19-7 

151-50-8 

506-61-6 

506-64-9 

143-33-99 

557-21-1 

Molecular 
Weight 
(g/mole) 

189 

92 

90 

52 

61 

27 1 

182 

65 

199 

134 

49 

117 

Water 
Solubility 
(mg/L) 

250,000 

2,500 

,000,000 

500,000 

820.000 

Vapor 
Pressure 
(mmHg at K Log 
at 25" C) (m??g) K 

ow 
BCF 

1,000 NA 0.00 NA 

620 NA -0.25 0 

NA -0.44 NA 
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Cyanides comprise a group of organic and inorganic coapounds con

taining the CN radical. Many of these compounds are extrenely useful in 

industry (see Table 5-2). Cyanides form strong complexes vith most 

netals, particularly of the transition series, and this conplex-forming 

tendency is responsible for their toxicity (U.S. EPA i981a}. -These 

complex»js do not release free CN unless exposed to ultraviolet rays. 

Thus, .sunlight can lead to the formation of cyanide in vastes containing 

ferricyanides and ferrocyanides. 

Cyanogen [(CN)~] is an extremely poisonous and flammable gas. It 

is extr<>mely reactive and is degraded in the environnent. Inorganic 

cyanate.'j, vhich are formed by oxidation of cyanide salts, are very 

reactivi; and hydrolyze to form NH- and HCo,. Alkyl isocyanates, con

taining (-NCO), are also extremely reactive; hovever, they are insoluble 

in vatei:. Thiocyanates (-SCN) are more stable than cyanates. Hydrogen 

cyanide is formed from thiocyanates solution in acidic aedia, and the 

degradation products of thiocyanate vastes are similar to those used for 

cyanide vastes. Nitriles (RCN) readily polymerize, and are insoluble in 

vater and soluble in organic solvents. In general, lover aliphatic 

nitrile.'S are more toxic than the purely aromatic nitriles. The nitro-

ferrocysinides are believed to dissoci'ate in vivo to fora cyanide ions 

and aay be toxic. Cyanohydrins, R2C(0H)CN, can be decoaposed to HCN or 

CN under environmental conditions. Calcium cyaneimide (CaNCN) is 

coaaonly used as a fertilizer that reacts in the soil to yield urea. 

Distribution and Transformation in Soils 

Data concerning cyanide movement in soils are fragaentary. Cyanide 

is beliiived not to be strongly adsorbed or retained by soil. Since aost 

cyanide salts are soluble, they move through soils and are converted to 

other compounds under both aerobic and anaerobic conditions (U.S. EPA 

1981a).. The cyanide ion is not involved in oxidation-reduction pro

cesses [Murrman and Koutz 1972). In nonsterile soils, the carbon and 

nitrogen of cyanide are converted to carbonate and ammonia, respective

ly. Compounds such as cyanamide thiourea, dicyandiamine, guanidine 

nitrate, and guanylurea are rapidly converted t o amnonivB and ultimately 

to nitrate vhen they are applied to solids as fertilizers at rates up to 

100 ppm (Fuller et al. 1950). 
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Table S-2 

PRIMARY USES OP SOMG MAJOR CYANIDE COMPOUNDS 

Compound Uaaa 

Ul 
I 
LO 
Ul 

Acrylonitrila, C^H^CN 

Cadaiun cyanide, Cd(CN). 

Calcium cyanide, Ca(CN)2 

Calcium iryanami da , CaCN^ 

CuprouR cyanide, CuCN 

Cyanogen, C N, 

Cyanoqan bromide, CNBr 

Production of acrylic and nodacrylic fiberti, 

nitrite elastomers, plastics 

Electroplating , 

Ore cyanidatlon, froth flotation, fumigation, 

HCN production, farrocyanida production,' 

rodanticide, ease hardening of steal, cement 

stabiliser 

Fertiliser, defoliant, weed killer, production 

of aalamina, steal production 

electroplating, aadiclne, insecticide, oxygen 

removal from molten metals, undarwatac paint, 

organic nitrila separation 

Pumigant 

Organic syntheses, fuaigant, pesticide, geld 

antcaction, cellulose Lacliiialmjy 



T a b l e 5-2 ( C o n t . ) 

C o i D D O u n d Uses 

O l c y a n d l a m l . t a , r^N^fNH^jj 

Hydrogen c y a n i d e , HCN 

Lead u'VAtUila, l<b ( CN ) , 

M a l a m i n e , CjMj(NHj) j 

Nickel cyanide, NKCNj^'lH^O 

Potassium cyanate, KOCN 

Potassium cyanide, KCM 

Potassium ferricyanide, K,Fe(CR), 

Potassium ferrocyanide, K Fe(CH),'3H,0 

Silvec cyanide, AgCN 

Melamine manufacture, vinyl resin stabilizar, 

curing agents for epoxy resins, textile-

drying asiiitant, starch fluidifying ager.t, 

guanidine salt production 

Rodanticide, insecticide, electroplating, uthyl 

lactate, acrylonltrile synthesis, ferrocyanide 

iii«nitr«£if lira, laMl̂ lt̂  •clil, r<h•t•̂ ln>] ittjan>̂ a, 

optical laundry bleaches, pharmaceuticals 

Innectielde, electroplating 

Melamine-formaldehyde resins, textile Cire 

retardants, bactericide, tarnish Inhibitor 

Electroplating 

Weed killer, chemical Intermediate 

Electroplating, steel hardening, extraction of 

metals froa ores, nitrlle manufacture, fumi

gation, photography, silver polish 

Photography, blueprints, metal tampering,, 

electroplating, pigments 

Tempering of steel, process engraving, pi'jfflent 

manufacture, dyes 

electroplating 



Table 5-2 (Cont.: 

Compound 

Sodium cyanate, NaOCN 

Sodium cyanide, NaCN 

Zinc cyanide, Zn(CN), 

Ul 
I 
LO Source: U.S. EPA 19aia. 

Uses 

Organic syntheses, heat treatment of steel, 

pharmaceuticals 

Metal treatment, electroplating, synthesis of 

organic Interaediates, ore extraction, organic 

chemical synthesis, photography, silver polish 

Medicine, electroplating 



Distribution and Transformation in Microorganisms 

Di.'stribution and transformation in microorganisms can degrade 

cyajiide:; (Knovles 1976). Several species of bacteria and fungi can 

synthesize cyanide. No specific data were found on the netabolisa of 

cyajiid« by protozoa or yeast except in conjunction with nixed aopu-

latioa.. The production of cyanide by microorganisms has been associated 

with active growth and/or with autolysis. Acclimated microbial popu-

latico!; can completely oxidize nitriles to ammonia. 

Distribution and Transformation in Plants 

Fr<3e cyanide is not found intact' in plant cells. Many plant 

species, such as cassava, sorghum, flax, cherries, almonds, and U n a 

beans, contain cyanogenic glycosides which release hydrocyanic acid 

(when they are hydrolyzed) (Blumenthal-Goldschmidt et al. 1963, 1968). 

The najor effect on the metabolism of plants is through the iohibition 

of respiration by complexation of iron in cytochrome oxidase, and 

adinosiae triphosphate (ATP) is produced. It also inhibits a variety of 

proces:3es! directly or indirectly dependent on ATP (U.S. EPA 1981a). 

Distribation and Transformation in Walter 

Cyanides are believed to be relatively uncommon in aost O.S. vater 

supplies. Hovever, cyanides occur in vater as free hydrocysmic acid 

(HOi); siaple cyanides, e.g., alkali and alkaline earth cyanites; and 

easily decomposable coaplex cyanides and sparingly deconposable conplex 

cyanides (Leithe 1973). The recommended limit for cyanide in U.S. 

vaters is 10 ppb, vhile concentrations of 200 ppb and above constitute 

grounds for rejection of vater supply (U.S. Department of Health, 

Education, and Velfare 1962). U.S. EPA recommended Halt is 5 ug/liter 

iV^S . EPA 1981a, p. 186). 

Cyanide generally is toxic to fish at 0.1 ppm (Doudoroff 1976). 

Sinc« cyanide concentrations in the range of 0.03 ppm have al'io been 

re|>crted to be lethal to fish (U.S. EPA 1981a, p. 186), it is resisoEafale 

to enpect that lover concentrations of cyanide would elicit siime toxic 

manifestations in fish. Species variations, of course, do oc:ur vith 

regard to cyanide sensitivity. Some studies have shovn that cyanide is 

tc'cic to terrestrial organisms. Very limited definitive data are 
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available in this respect. There is no report of cyanide biomagni

fication vithin the food chain. Cyanide is not likely to accumulate in 

food vess because lov doses are rapidly detoxified by most species and 

large doses result in death. 

Toxic Effects 

Cyanides are among the most rapidly acting poisons knovn (Goodman 

and Gilman 1970). The acute toxic effects of cyanide are veil recog

nized and depend on the degree and rate of production of histotoxic 

hypoxia. Intake of cyanides may be by inhalation, ingestion, and/or 

absorption through the skin. Whatever the route, cyanide is readily 

absorbed into the bloodstream and carried through the body. Death, 

vhich occurs soon after exposure to a lethal concentration of cyanide 

(HCN or cycuiide salts), is evidence of rapid absorption. Cyemogen 

release.3 HCN upon hydrolysis and is therefore toxic. The toxicity of 

halogenated cyanogens is comparable to that of HCN. Some nitriles aay 

represent an inhalation hazard. 

Once cyanide is in the bloodstream, it acts as an asphyxicant due 

to an i:ihibitory action on the metabolic enzyae system, primarily on 

cytochrome oxidase. This action bririgs a sudden halt to all the 

cellular respiration, resulting in cytotoxic anoxia. The total amount 

of HCN absorbed in rapid death may be as lov as 7 ag/kg body veight. 

Hovever, for HCN absorbed through skin, the LD-Q is about 100 ag/kg body 

veight. 

Cyanates react irreversibly vith free sulfhydryl and amino groups 

of blood proteins to form carbamyl derivatives. Sodium nitroprusside is 

reported to react nonenzymatically vith hemoglobin in red blood cells to 

form cyanide. Cyanogen chloride (CNCl) is also rapidly converted to HON 

in the presence of red blood cells. 

Acute effects caused by cyanide depend on hov fast and to vhat ex

tent histotoxic hypoxia is produced. The quicker cyanide levels build 

up in tissues, the more severe the response. The first breath of 

cyanide at 2,000 ppm causes immediate hyperpnea with collapse, con

vulsions, and cessation of breathing within one minute. 

Recently, chronic cyanide uptake has been correlated with diseases 

such as tobacco amblyopia, retrobular neuritis in pernicious anemia. 
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Leber's optic atrophy, and Nigerian nutritional neuropathy (U.S. EPA 

1981a). The neuropathies may result from demylination of lerves in the 

CNS caused by cyanide-induced anoxia (Ferraro 1933). Cyan'de exposure 

can lead to pathology of the CNS in experimental animals also. Tropical 

neuropathies in humans are characterized by optic atrophy, nerve deaf

ness, and sensory spinal ataxia (Money 1958). Other factors sucn as 

deficiency of sulfur in the diet may decrease the cyanide-to-thiocyanate 

detoxification process and thus increase the severity of chronic 

symptons. 

Carcincgenesis, Teratogenesis, and Mutagenesis 

There have been no detailed studies that implicate cyanide as a 

teratogenic, mutagenic, or carcinogenic agent (U.S. EPA 1981a). There 

are also no well-documented studies employing controlled low-level 

chronic exposure of cyanide, and the information that is available 

warrants further investigations. Since cyanide is a very reactive 

nucleofhile, it should distribute easily through body compartments, 

should be pemeable to cell membranes, and should attain reasonable 

concentrations in the fetus. No definite data are available. 

It is of interest to note that dyanide has been reported to have 

antinecplastic properties, and it has been employed in clinical trials 

in humans (Krebs 1970; Morrone 1962; Navarro 1959). However, there are 

many opponents to this theory (Greenberg 1975; Laster and Schaabel 

19 75). 

B-aminopropionitrate (BAPN) is found to be teratogenic vhem tested 

in pregnant rats (Barrov and Steffek 1974) but this behavior is 

apparexit.ly a function of vhole molecule. Oral administration of 270 ng 

of BAFfi (given to rats) on day 15 led to 98X incidence of cleft palate 

in offspring of rats (Barrov and Steffek 1974). 

TreatnKJit of Cyanide Poisoning 

Cyanide is one of the fev toxic substances for vhich a spetific 

antidote exists and it functions as follows (Chen and Rose 1952: Wolfsie 

1951). First, amyl nitrite is administered intravenously to fcnn 

netheB(»globin vhich binds firmly vith free cyanide ions. This craps any 

circu].iiting cyanide ions. Second, sodium thiosulfate is administered 
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intravenously to increase the rate of conversion of cyanide to the less 

toxic thiocyanate. 

Apart from the above-mentioi.ed "classical" therapy, there is grov-

ing support for a nev regimen of lOOZ oxygen together vith intravenous 

hydroxo<:obalamin and/or sodium thiosulfate (Graham et al. 1977; Berin 

1977). Hydroxocobolamin reverses cyanide toxicity by combining vith 

cyanide to form cyanocobalamin (Vitamin B-^). Both approaches have 

proven useful. 

Potential Environnental Hazards 

Cyanide has been shovn to be potentially toxic to microorganisns, 

aquatic invertebrates and vertebrates, and terrestrial animals. There 

is littiLe information on avian poisoning as a result of the release of 

cyanide into the atmosphere. Industrial effluents in vatervays can be a 

disrupt:Lve influence on the aquatic environment. Even the presently 

allovable cyanide levels in U.S. vaters could exert toxic effects on the 

life cycles of various fish. The pka of cyanide indicates that it vould 

be present predominantly in the form of hydrogen cyanide, euid therefore, 

its volatility upon agitation of the vater vould minimize its environ

nental jiersistence. Also, the bioloefical reactivity of cyanide should 

contribute to its rapid removal fron aquatic systems. Some forage 

plants have shovn a high content of cyanogenic glycosides, vhich are 

toxic to livestock (Burrovs and Way 1977). 

Regulations and Standards 

Thi2 Aaerican Conference of Governmental Industrial Hygienists 

(ACGIH) has adopted a threshold limit value (TLV) for hydrogen cyanide 

on a time-veighted average of 10 ppm (ceiling skin) (ACGIH 1987-88) and 

3 

as OJ = 5 ng/ra . The U.S. EPA long-term health advisories for ex

posures, ranging from several months to several years, are 750 yg/L per 

day per 70 kg body veight. 
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1,2-DiaiLOROETHANB (ETHYLENE DICHLORIDE OR EDC) (CAS No. 107-06-2) 

Environnental Chenistry and Fate 

Th«; relevant physical auid chemical properties and environmental 

fate of 1,2-dichloroethane (CAS No. 107-06-2) are summarized belov ( i j .S. 

EPA 1986a). 

Molecular veight 99 
(g/molel 

Vater solubility 8.5 x 10^ 
(mg/L a: 25«C) 

Vapor piressure 64 
(mmfig a: 25*C) 

Henry's Lav Constant 
(atm-n'/mole) 

9.8 X 10 ̂  

Log K 1.48 
•* ov 

K 14 
oc 
BCF 1.2 

A lialf-life of 1,2-dichloroethane in soil could not be located in 

the available literature; hovever, based on its moderate vapor pressure, 

evaporation is expected to be the predominant loss mechanism from the 

top lay<ir of soil. In subsurface soil, biochemical and chemical bio

degradation are expected to be slov. Therefore, based on its lov K , 

1,2-dicliloroethane is expected to leach and be transported to ground

vater. Once in groundwater, the lov K indicates 1,2-dichloroethane 

vill be mildly adsorbed to soil particulates and vill be subject to lov 

retardation relative to the groundvater flov. In addition, the high 

Henry's Lav Constant of 1,2-dichloroethane indicates evaporation from 

surface water is an important fate nechanism. Based on its low BCF, 

1,2-diciloroethane is not expected to bioconcentrate in aquatic life. 

Noncarclnogenic Effects 

At relatively high doses, 1,2-dichloroethane (EDC) produces central 

nervous system (CMS) depression as veil as injury to the liver, kidneys, 

and adrenals. Symptoas of CKS depression typically include headache, 
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dizzine.ss, nausea, emd general weakness. Effects on the liver include 

necrosi.'s and epithelial cell damage, and on the kidney, degeneration of 

the proximal tubule (U.S. EPA 1985b). 

Carcinogenicity and Mutagenicity 

In a National Cancer Institute (NCI) bioassay, EDC administered by 

gavage vas shovn to increase the incidence of tumors in both mice and 

rats. Jiased upon these data, U.S. EPA has classified EDC according to 

weight-of-evid«ice carcinogenicity criteria in Group B^—probable human 

carcinogen (U.S. EPA 1987a). 

BD(^ has been shown to induce gene mutations in bacteria, plants, 

Drosophilia aelanogaster, and cultured Chinese hamster ovary cells (U.S. 

EPA 198.'n). In addition, EDC has been reported to cause meiotic chromo

somal disjunction in Drosophilia. Based upon these data, U.S. EPA has 

determined, using veight-of-evidence criteria, that EDC is a mutagen 

that aay have the potential for causing adverse effects in humauis (U.S. 

EPA 198.'3i). 

Drinking Water Standards and Criteria 

StiUidards. In the first stage o'f a procedure to establish an 

enforceable MCL for EDC in drinking vater, U.S. BPA has established a 

HCLG of 0. This MCLG vas predicated on the U.S. EPA conclusion that no 

ezposuri> to a 'probable huaaui carcinogen" is acceptable. Based upon 

conside:rations of analytical feasibility and feasibility of control, 

U.S. EPA has issued a MCL for EDC of 5 u g / L . 

Criteria. In the absence of suitable data, U.S. EPA has not 

develop<>d 1-day or 10-day health advisories (HAs) ,for EDC. U.S. EPA 

has, ho^fever, developed a longer-term HA based upon a NOAEL reported in 
3 

a rat inhalation study. Based upon a NOAEL of 405 mg/m , an uncertainty 

factor of 100, and various intake assumptions and physiological para-

neters, O.S. EPA derived longer-term HAs of 740 ug/L (10-kg child) and 

2.600 iĴ /L (70-kg adult) (U.S. EPA 1985d), Because EDC vas judged to be 

z probable hunan carcinogen, U.S. EPA did not develop a lifetime HA for 

Doncarciaogenic effects. 

U.S. EPA has not developed an ambient vater quality criterion for 

EDC for the protection of human health. 
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ETHYLBE-JZENE (CAS No. 100-41-4) 

Environmental Chemistry and Fate 

The physical and chemical properties, and environmental fate of 

ethylbeizene are summarized belov (U.S. EPA 1986a). 

Molecular veight 106 
(g/mole) 

Water solubility 152 
(mg/L at 25''C) 

Vapor pressure 7 
(mmflg at 25°C) 

_3 
Henry's Lav Constant 6.43 x 10 
(atm-m" I'mole) 

Log K 3.15 
* ow 

K 1,100 
oc ' 

BCF 37.5 

Ba.sed on the moderate vapor pressure, moderate water solubility, 

and high Henry's Lav Constant, it is ̂ evident that volatilization of 

ethylbenzene from surface soil and surface vater is a major transport 

pathvay. Ethylbenzene vill leach into groundvater from lover soil 

depths. Hovever, its moderate K indicates that once in groundvater, 

ethylbenzene vill absorb to soil particles, retarding groundvater 

transport. The lov BCF indicates that bioconcentration in aquatic 

organisms is lov. 

Noncarcinogenic Effects 

Th'» najor effects folloving acute and chronic exposure to ethyl

benzene are kidney and liver pathologies and nervous system disorders 

(U.S. E?A 1985c). 

U. 5. EPA derived an AADI from a study in which rats received ethyl

benzene orally for 5 days per week for 6 months. Using a NOAEL of 136 

mg/kg/day, an uncertainty factor of 1,000, and various physiological 

parameti^rs and intake assumptions, U.S. EPA derived a provisional AADI 

of 3,400 ug/L (U.S. EPA 1985c). 
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In a single inhalation study, no maternal toxicity, embryotoxicity, 

or teratogenicity was exhibited (U.S. EPA 1985d). 

Carcinogenicity cind Mutagenicity 

A carcinogenicity bioassay for ethylbenzene'has been initiated by 

NCI, but, as yet, data are not available. Pending receipt of the NTP 

results, U.S. EPA has classified ethylbenzene, according to agency 

weight-of-evidence carcinogenicity, in Group D—not classifiable as to 

human carcinogenicity (U.S. EPA 1985c). 

Based upon a liaited number of assays in Salmonella typhimurium, 

ethylbenzene has not been shown to be a mutagen. 

Drinking Water Standards and Criteria 

Standards. U.S. EPA is currently engaged in a rule-making pro

cedure to establish an enforceable MCL for ethylbenzene in drinking 

water (U.S. EPA 1985c). Based upon the provisional AADI of 3,400 yg/L 

for noncarcinogenic effects, U.S. EPA has issued a proposed MCLG of 680 

Mg/L, assuming 20 percent of total daily intake is from drinking vater. 

The State of California Department of Health and Safety (DOHS) has 

established an action level of 680 u^/L for ethylbenzene. 

Criteria. In the absence of appropriate data for the oral route, 

U.S. EFA has developed a 1-day HA based upon a study of 8-hour in

halation exposures to human male volunteers. Based upon a NOAEL of 435 
3 

mg/a , an uncertainty factor of 10, and various physiological parameters 

and intake assumptions, U.S. EPA derived 1-day HAs of 20,700 yg/L and 

72,500 yg/L for a 10-kg child and 70-kg adult, respectively (U.S. EPA 

1985c, 1985d). In the absence of toxicity data folloving the appropri

ate exposure duration, U.S. EPA has developed 10-day HA criteria of 

2,070 yg/L (child) and 7,250 yg/L (adult) by application of a 10-fold 

uncertciinty factor to the 1-day HAs (U.S. EPA 1985d). In the absence of 

suitable data, U.S. EPA has not derived any longer-term HAs. U.S. EPA's 

lifetine HA, equivalent to the proposed MCLG, is 680 yg/L. 

NyiS has not developed SNARLs for ethylbenzene. 

US. EPA ambient vater quality criteria for protection of human 

health is 1,400 yg/L (U.S. EPA 1980). 
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BIS(2-ETHYLHEXYL)PHTHALATE (DEHP) (CAS No. 117-81-7) 

Environmental Chenistry and Fate 

The physical and chemical properties, and environmental fate of 

bi;5(2-€thylhexyl)phthalate are summarized belov (U.S. EPA 1979): 

Molecular veight 391 

(g.̂ mole) 

Melting point -50°C 

Boiling point 386.9"C 

Vapor pressure • 2 x 10~^ (20° C) 

Log K 8.73 

* ov 

Phthalate ester plasticizers, such as bis(2-ethylhexyl)phthalate, 

generally exhibit lov vater solubilities and vapor pressures, but high 
K , vhich indicates that volatilization from surface soils and surface 
oc' 

vater is not a major transport pathvay. Hovever, phthalate esters have 

been fcund to readily interact vith fulvic acid present in humic sub

stances in vater and soil. The interaction forms a fulvic acid 
I 

phthala.te complex that is very soluble in vater, thus mobilizing and 

treinsporting insoluble phthalate esters (Ogner and Schnitzer 1970). 

There is insufficient information available to determine the major 

aquatic: fate of bis(2-ethylhexyl)phthalate. Based on the chemical and 

physica.l properties of bis(2-ethylhexyl)phthalate, it is speculated that 

volatilization, photolysis, and hydrolysis are not major pathvays. 

Additionally, sorption to suspended particulates and bioaccumulation in 

organisms are to be considered iaportant pathvays (U.S. EPA 1979). 

Noncarcinogenic Effects 

Bis(2-€thylhexyl)phthalate (DEHP) appears to have a relatively lov 

toxicii:y in experimental animals. The oral, intraperitoneal, and 

intrav«;nous LD,.̂  values reported for DEHP in rats are 31 g/kg, 30.7 

g/kg, and 0.25 g/kg, respectively. The £0..̂.. value for the inhalation 

route :.s determined to be 50 mg/kg/day (U.S. EPA 1986c). D.EHP is poorly 

absorbod through the skin, and no irritant response or sensitizing 
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potential from dermal application has been noted in experimental euiimals 

or humans. 

Chronic exposure to relatively high concentrations of DEHP in the 

diet has caused retardation of grovth and increased liver and kidney 

weights in experimental animals. 

Carcinogenicity and Mutagenicity 

DEHP is reported to be carcinogenic in rats and nice, causing in

creased incidences of hepatocellular carcinoaas or neoplastic nodules 

after oral administration (International Agency for Research on Cancer 

[lARC] 1982). Its status as a hunan carcinogen is considered indeter

minate by the lARC. The results of dominant lethal experiments vith 

mice suggest that DEHP is mutagenic vhen injected intraperitoneally. 

Hovever, most experiments conducted with nicroorganisas and mammalian 

cells have failed to demonstrate genotoxic activity. Teratogenic and 

fetotoxic effects have been observed in experiaental animals after oral 

and intraperitoneal administration. Other reproductive effects, in

cluding testicular changes in rats and nice, have also been reported. 

Drinking Water Standards and Criteria' 

Anbient Water Quality Criteria (U.S. EPA 1980a): There are no 

published proposed nunbers for an MCLG or MCL for DEHP at this time. 

Aquatic Life. The available data are not adequate to permit 

recommendation of concentration liaits for bis(2-ethylhexyl)phthalate or 

for phthalate esters as a group. The effects of DEHP on aarine animals 

have been docuaented on a liaited basis. 

Acute median effect values ranged from 1,000 to 11,100 ug/L DEHP 

for the freshwater cladoceran Daphnia aagna. The LC^Q values for the 

midge, scud, and bluegill all exceeded tbe highest concentrations 

tested, which vere 18,000, 32,000, and 770,000 ug/L, respectively. 

BecausE: these values vere greater than the vater solubility of the 

chemicc.l, it is unlikely that DEHF vill be acutely toxic to organisms in 

natura] vaters. In a chronic toxicity test vith Daphnia magna, signi

ficant reproductive impairment vas found at the lovest concentration 

tested, 3 yg/L. A chronic toxicity value of 8.4 yg/L vas reported for 
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the rainbov trout. No acute or chronic values vere reported for salt

water invertebrates or vertebrates. Reported bioconcentration factors 

for DEHP in fish and invertebrates range from 14 to 2,680. 

Although insufficient data were presented to calculate the acute-

chronic ratio for DEHP, it is~ap^rehfly on the order o£ 100 tu 1,000. 

Therefore, acute exposure to the chemical is unlikely to affect aquatic 

organisms adversely, but chronic exposure may have detrimental effects 

on the environment. 

Human Health 

A criterion of 15 mg/L has been established for exposure through 

ingestion of vater and contaminated aquatic organisms. 

5-48 



ISOPHORONE (3,5,5-trimethyl-2-cyclohexene-l-one) (CAS No. 78-59-1) 

Environmental Chemistry and Fate 

Th€: pertinent physical and chemical properties, and environmental 

fate of isophorone are summarized below (U.S. EPA 1979"): 

Molecultir weight 138.2 
(g/mole) 

Water solubility 1.2 
(mg/L at 25*'C) 

Vapor pressure 0.44 
(mmEg al; 25°C) 

K 1.7 
ow 

BCF 4.38 

Isophorone is an excellent solvent. It is mainly used in vinylic 

resins, cellulose derivatives, and pesticide formulation (such as 

anilide, carbamate). 

Noncarcinogenic Effects j 

Isophorone is probably the most irritating of all ketonic solvents, 

producing irritation of the eyes, nose, and throat. The higher tolera

ble level for an 8-hour isophorone exposure was calculated to be 10 ppm 

(National Institute of Occupational Safety and Health [NIOSH] 1978). 

Union Carbide (1963) indicated that 1-minute exposure to 200 ppa iso

phorone is intolerable for humans. Union Carbide also noticed that 

isophorone did not cause allergic contact sensitization in any of the 

huaan v(»lunteers. 

No inhalation monitoring information is available on the levels of 

isophorone in air (U.S. EPA 1980). U.S. EPA noted that the denonstrated 

toxicity of isophorone (by oral intake, inhalation, and dermal ex

posures) is capable of passing across epithelical membranes. 

Isophorone undergoes oxidation at the 3-methyl group position fol

loving oral administration of 1 g/kg to rabbits (Truhaut et al. 1970). 

This reaction precedes glucoronide conjugation and urinary elimination. 

Hovever, a large percentage of the metabolite was found to be present as 
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a glucoironide conjugate. Sayth and Seaton (1940) concluded that 750 ppm 

was the highest concentration of isophorone to which rats and guinea 

pigs could be exposed to for several hours with no symptons other than 

eye and nose irritation. Guinea pigs did not die vten inhaling iso

phorone at 4,600 ppm for 8 hours, but, in rats, at i,840 ppm for 4 

hours, death occurred, and paralysis of respiratory center was noticed 

during that period. A few deaths were attributed to lung irritation. 

However, Rowe and Wolf (1963) contradict the above results. Perkins 

(1972) did not notice any significant changes in origan veight for ten 

dogs studied, and all the organs appeared normal upon gross exauaination 

folloving ingestion of isophorone. Truhaut (1972) tias shovn that 

isophorone is veakly irritating to the skin of rabbits, but its effect 

vas stronger on the ocular mucosa, vhere it induced reversible 

irritation of the conjunctiva and corneal opacity (see Tables 5-3 and 

5-4 for summary toxicology of isophorone). 

Carcino:jfenicity, Teratogenicity, and Mutagenicity 

Isophorone has tentatively been selected for carcinogenesis testing 

in rats and mice by gavage by the NCI (1979)- Not enough information is 

available to make a certain conclusion. No pertineat autagenicity data 

for isophorone vere encountered in the literature, and isophorone has 

not beei tested for teratogenicity. 

Isophorone is photochemically reactive. No inforaation is avail

able for assessment of oxidation of isophorone in aquatic environments. 

The higti vater solubility and moderate partition coefficient of isophor

one indicate that sorption and bioaccumulation are not likely to be 

important processes. No data are available concerning the chronic 

toxicity to sensitive freshvater aquatic life. Drinking vater con

tributes 99Z of the assumed exposure, vhile eating contasinated fish 

products accounts for IX (U.S. EPA 1980). 

Limits, Existing Guidelines, and Standards 

The current 8-hour Time-Ueighted Average-Threshold Limit Value 

(TVA-TLV) established by ACGIH (1987-1988) is 5 ppn and the proposed 

OSHA Permissible Exposure Limit (PEL) is 4 ppm. 
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rabla S-3 

urirrr. TnYTrnroRV or T.iinpttORfiNE 

Route Aniaal 

Number Treated 

per dose level Dose Duration Mortality 

Oral 

Ul 
I 
Ul 

Dermal 

Inhalation 

Rati 

Rats 

Rats 

Rats 

Miea 

RBbblti 

Rata and 

Ouinaa Pigs 

Rata 

n.s. 

I.t7 g/kg 

2.10 g/kg 

2.12 g/kg 

i . 3 1 g/kg 

2.00 g/kg 

1.39 g/kg 

7S0 ppa 

1,140 ppm 

hours 

4 hra. 

LD 
50 

14 day LD 

14 day LD 

50 

50 

Lb 50 

LD 50 

^°50 

No <1aAth tit 

serious symptoms 

Cauned death In 

some aniaals 

OMlnaa Viga n.», 4,A00 II hra , No Haal'hn 

Rats Air saturated 8 hrs. 

with isophorone 

One death 

(1975) 

n.s. • not specified. 

600 ppm is the maximum attainable concentration of Isophorone in air. 

Source: Ambient Water Quality Criteria for Isophorone, U.S. EPA 440/5-80-056, 1980. 



Table 3-4 

SUBACUTE INHALATION TOXICITY OF ISOPHORONE 

(SHxTH iy4i) 

Animal 

Concentration 

(ppa) Hr/Day 

Duration 

(Days) Mortality Details 

Ul 
I 
Ul 

nets 

male, Wistar 

90-120 g 

a 

50 

43 (10 expnsuraa, 

i days/wk x 6 wks) 

42 (30 exposures, 

5 days/wk x 6 wks) 

01 

0% 

No apparent aldOfi nf toxicity 

Evidence of lung and kidney 

pathology 

100 42 (30 exposures, 

5 days/wk x 6 wks) 

20% Evidence of lung, spleen, and 
I 

kidney pathology 

200 42 (30 exposures, 

5 days/wk x 6 wks) 
lot Evidence of lung, ;pleen, and 

kidney pathology; :onjun'-»-< ••< tis 

and nasal irritation; urine 

albumin 

Guinea Pigs 25 

100 

42 (30 exposures, 

i dayt/wk x 6 wki) 

i l (30 exposures, 

i days/wk x 6 wks) 

0\ 

0 \ 

No a p p a r e n t s i g n s of t o x i c i t y 

tjulUaitus nr tuiMj «iiit k idney 

p a t h o l o g y ; w e i g h t l o s s 

joe 43 110 exposures, 

i days/wk x 6 wks) 

i b \ HvlitantJ* î C liiHO •ii.t tiMHey 

p a t h o l o g y ; w e i g h t l o s s 

t 



Table b-4 ((..niL . ) 

Aniaal 

Concentration 

<PP>) Hr/Day 

Duration 

(Days) Mortality Details 

Ul 
I 
Ul 

500 42 (30 exposures, 

i days/wk x 6 wks) 

40% Evidence of lung, kidney, and 

liver pathology; conjunctivitis 

and n * a a l Irritation; weight 

loss; Increase in polymorpho

nuclear white cells with a cor

responding fall in lymphocytes 

Rowe and Wolf (1963) have indicated that tha isophorona used in this study was impure and that the reported concent;rations are 

higher than actually present. 

Percentage of animals dying; usually 10 animals were tasted at each stage. 



Acceptable daily intake is 150 Mg/kg. Isophorone vas exempted from 

requirewents of a tolerance under the Federal Food, Drug, and Cosaetic 

Act vhea used as an inert solvent or cosolvent in pre-emergence pesti

cide formulations before a crop emerges from the soil, and for post-

eaergen:e use both on rice before crop begins to head and on sugar table 

beets (J.S. EPA 1974). 
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LE/D (C^S No. 7439-97-6) 

Environaental Chemistry and Fate 

Lead is a netallic elenent designated by the symbol Pb. Contami

nation of the environnent vith lead bias increased driamafically since the 

indust.rial revolution, due primarily to lead enissions into the air. 

These enissions may be inhaled directly, or may settle on soil or vater 

and be ingested. The chemical fom of lead eaissions and its form in 

soil, vater, or the food chain varies considerably, but is nearly alvays 

some o.xide, salt, or complex of the lead ion (Pb "*"). Lead oxides, 

salts, and complexes aay be altered by speciation reactions, but the 

lead ion itself is stable under normal environnental conditions. 

Noncarcinogenic Effects 

When toxicity information is considered for noncarcinogenic effect 

of substances, the data are evaluated based on their dose-related re

sponse characteristics and the establishment of an exposure level belov 

vhich no adverse effects are observed. Historically, the observed 

threshold or no-effect level for lead-induced toxic effects has con

tinued to decline as aore sophisticat̂ ed experimental and clinical 

measures are eaployed to detect aore subtle effects. These include 

alterations in physiological functions at blood lead (PbB) levels belov 

the curroitly accepted aaxiaum safe level for exposure to children, a 

segaent of the population currently regarded to be at highest risk of 

lead-induced effects (U.S. EPA 1985c; ATSDR 1987j). 

The aost serious effects associated vith markedly elevated PbB 

levels are severe neurotoxic effects that include irreversible brain 

daaage. For aost adults, such daaage does not occur until PbB levels 

exceed 100 to 120 aicrograas per deciliter (py/dl). At these PbB 

levels, .severe gastrointestinal S3nnptonis and effects on several other 

organ systems are often found. Precise thresiolds for occurrence of 

overt reurological and gastrointestinal signs and symptoms of lead 

exposuie in cases of subencephalopathic lead intoxication have yet to be 

established, but such effects have been obserred in chronically exposed 

adult lead vorkers at PbB levels as lov as 40 to 50 ug/dl. 

5-55 



Tovard the lover range of PbB levels associated vith overt lead 

intoxication, less severe but important signs of impairment in norma] 

physiological functioning in several organ systems are evident among 

apparently asymptomatic lead-exposeii adults (U.S. EPA 1985c). These 

include: 

• Sieved nerve conduction velocities indicative of peripheral 

nerve dysfunction (at PbB levels as lov as 30 to 40 ug/dl); 

• Altered testicular function (at PbB levels of 40 to 50 

Mg/dl); and 

• Reduced hemoglobin production (at approximately 50 pg/dl). 

U.S. I F \ has concluded that all of the above effects point tovard a 

generailized impairment of noraal physiological functioning of several 

different organ systems as adult PM levels exceed 30 to 40 yg/dl. Evi

dence of iapaired heme synthesis effects in blood occurs at even lover 

levels. 

More recent research has indicat/ed that there is a relationship 

betveei PbB levels and increases in blood pressure. Preliminary reviev 

of this vork indicates a statistically significant correlation betveen 

PbB lev<»l.s and diastolic blood pressure in vhite males, ages 40 to 50, 

vith no threshold apparent in the range of 6 to 30 yg/dl. Of particular 

concern is the finding of a 2 mmHg increase in diastolic pressure per 

increneiital PbB level increase of 0.5 yg/dl. Possible increases in risk 

of aore severe aedical ev^its (e.g., stroke, heart attack, and death) 

associated vith lead-induced increases in blood pressure are also esti

mated in one of the recently published studies. 

Children represent a sensitive subpopulation vith regard to lead 

toxicity. As vith adults, lead affects many different organ systems and 

biocbemical/physiological processes across a wide range of exposure 

levels. Effective PbB levels for producing encephalopathy or death in 

chilcrei are lover than in adults, starting at approximately 80 to 100 

Ug/dl. Peraanent mental retardation and other marked neurological def

icits are among lasting neurologicxal sequelae typically seen in cases of 
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nonfatal childhood lead encephalopathy. Other overt neurological signs 

and symptons of subencephalopathic lead intoxication, such as peripheral 

neuropathies (functional and/or pathological changes in the peripheral 

nervous system), have been detected in some children at PbB levels as 

lov as 40 to 60 ug/dl. Chronic kidney disease is believed TO be evident" 

at PbB levels above 100 ug/dl. Moreover, colic and other overt gastro

intestinal symptoms occur in children, at least dovn to 60 ug/dl- Rank 

anemia is also evident at 70 ug/dl, representing an extreme manifesta

tion of reduced hemoglobin synthesis at PbB levels as lov as 40 ug/dl. 

All th€:se effects are videly accepted as adverse health effects, and are 

reflective of videspread marked impact of lead on the normal physio

logical functioning of many different organ systems (U.S. EPA 1984d, 

1985c; ATSDR 1987j). 

Additional studies demonstrate further iaportant health effects 

occurring in nonovertly lead-intoxicated children at similar or lover 

PbB le\els than those indicated above. Among the most important and 

contro\ersial of these electrophysiological and neuropsychological 

effects are indications of peripheral nerve dysfunction, indexed by 

sloved nerve conduction velocities (NCV) found in children vith PbB 

levels lover than 30 iig/dl. U.S. EPA' has concluded that vhile none of 

these studies on CNS effects can individually be regarded as con-

clusivtily proving significant cognitive (IQ) or behavioral effects 

occurring belov 30 yg/dl, they clearly indicate likely associations 

betveeri neuropsychologic deficits and PbB levels as lov as 30 to 50 

yg/dl. Tbe magnitude of average observed IQ deficits is approximately 5 

points at mean PhB levels of 50 to 70 yg/dl and about 4 points at mean 

levels of 30 to 50 yg/dl. Vhether a saaller risk exists at soaevhat 

lover levels (IS to 30 yg/dl) cannot be deterained at this tiae (U.S. 

EPA 19fi4d, 1985c). 

Mfiny different impacts (representing potentially impaired 

functioning and depleted reserve capacities of many different tissues 

and orfjans) have been noted at PbB levels belov 30 ug/dl. 

Al; PbB levels around 10 to 15 yg/dl, initial sigYis of detectable 

heme sj'ntbesis impairment occur in many different organic systems, as do 

indicai:ions of increasing degrees of pyrimidine metabolism interference, 

signs of altered nervous system activity, and interference in vitcunin-D 
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metabolism. U.S. EPA has stated that, on the basis of these data, these 

effects might be vieved as becoming sufficiently adverse to varrrnt 

avoidan:e as PbB levels exceed 20 to 25 yg/dl (U.S. EPA 1985c). 

Reproduction and Development - . - . 

Th^re is a paucity of data on vhich to evaluate the effects of lead 

on reproduction and development in humans. Early studies of pregnant 

vonen exposed to high levels of lead indicated toxic, but not terato

genic, affects on the conceptus. One recently reported study hints at 

birth anomalies possibly associated vith exposure to lov lead levels 

(mean cord blood level of 15 yg/dl) among vomen in the general popula

tion. 9ovever, the significance of these studies has been questioned 

because of the absence of reported statistically significant associa

tions betveen cord blood levels and specific types of minor anomalies or 

any major anomalies. There are also no reliable data pointing to 

adverse effects in human offspring folloving lead exposure to fathers. 

U.S. EPA has concluded that the current collective human data 

regarding lead's effects on reproduction on in utero development are 

insufficient for accurate estiaation of exposure-effect or no-effect 

levels (U.S. EPA 1984d). In the absence of sufficient data, it has been 

suggested that it vould be prudent to avoid lead exposures resulting in 

PbB levels exceeding 25 to 30 yg/dl in pregnant vomen and voaen of 

child-bearing age in general. This conclusion vas based on the knovn 

equilibration betveen maternal and fetal blood lead concentrations and 

groving evidence of deleterious effects in young children as PbB levels 

approach 25 to 30 |ig/dl. Industrial lead exposure of aen vith PbB 

levels of 40 to 50 yg/dl also appears to result in altered testicular 

function. 

Carcinogenicity 

Several studies have reported renal tumors in Wistar rats following 

ingestion of high doses of a lead salt (lead acetate). Lead subacetate 

(another lead salt) has produced benign tumors (renal carcinomas or 

adenomas) in Swiss mice and several strains of rats, but not golden 

hamsters. Glimomas (CNS tumors) were also observed in many of-these 

studies. 
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There have been a number of epideniological studies that have 

assessed the mortality experience of lead-exjosed vorkers. In some of 

the studies, no excess cancer mortality was observed. In one study, 

non-statistically-significant excess cancer nortality of the respiratory 

system and cancer of the digestive organs ani peritoneum^were reported, 

which on evaluation by other statistical techniques by another invesEi-

gar.or were reported to achieve statistical significance. Another study 

has reported increased mortality from renal tancer among a group of lead 

smelting vorkers. However, this excess raortalit}', based on only six 

cases, did not achieve statistical significance. On review of all of 

these studies, U.S. EPA concluded that the absence of good lead exposure 

documentation made it difficult to assess tbs contribution of lead to 

the observed results. 

lARC has classified lead in Group 3—ii^equate evidence for 

carcinogenicity in humauis, sufficient evidence for carcinogenicity in 

animals (for some salts). U.S. EPA has clasaified lead in category B-

(sufficient evidence in animals, insufficient evidence in humans) 

according to the agency's Guidelines for Carcinogen Risk Assessment 

(U.S. EPA 1986b). However, the agency noted that the doses inducing 

kidney tumors in positive rat studies vere beyond the huaan lethal dose, 

and several epidemiological studies have not deaonstrated an association 

betveen lead exposure and elevated cancer ic occupationally exposed 

vorkers. Consequently, U.S. EPA has recently proposed to set an MCLG in 

drinking vater based on noncarcinogenic endpoints (U.S. EPA 1985c). 

Drinking Water Standards 

The current U.S. EPA and drinking vater MCL for lead is 50 yg/L. 

This limit vas designed to Halt PbB levels in 99.5t of the population 

to belov 30 yg/dl. 

NAS (1977) has stated that the current .MCL. in viev of other en

vironmental sources of exposure, may not prcTide a sufficient margin of 

safety, particularly for fetuses and young :±ildren. 

U.S. EPA, in agreement vith this assessment, has recently taken the 

fi.7-st step in lowering the MCL by issuing a proposed MCLG of 20 yg/l. 

This level vas derived based on a target Phi level of 15 yg/dl for 

protecting children and infants, using a cocversion factor of 6.25 to 
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translate PbB to lead is drinking vater (assuming a consumption of 1 

liter 0.5 vater per day) and aa uncertainty factor of 5 (U.S. EPA 1985c). 

After flnalization of the HCLC, U.S. EPA vould then factor in other 

data, such as technological feasibility, to establish a revised MCL. 
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NAPHTHALENE (CAS No. 91-20-3) 

Environmental Cheaistry and Fate 

Th<; relevant physical and cheaical properties and environmental 

fate of naphthalene are suaaarlzed helow (U.S. £PA~i984g). — 

Molecular veight 128 
(g/mole) 

Water solubility 31.7 
(mg/L at 25»C) 

Vapor pressure 0-082 
(mmHg at 25'C) 

Henry's Lav Constant no data 
(atm-a' /mole) found 

Log K 3.37 
* ov 

K. no data 
found 

BCF 1.46 

Naphthalene has a aoderace vatec solubility and aoderate vapor 

pressur<3. As a consequence of these tvo properties, naphthalene can be 

characterized as a moderately mobile chemical. For naphthalene release 

to air, soae rainvater vashout is anticipated. After deposition in 

vater or soil, volatilization is expected to return some portion to the 

atmosphere. 

Due to naphthalene's aoderate vater solubility and aoderate vapor 

pressure, transport to sediaents is expected to be a aajor surface vater 

fate process. 

Naphthalene released to soil can be transported to air via 

volatilization, to surface vater via runoff, and to groundvater via 

leaching. The first tvo pathvays predominate in surficial soil, vhereas 

thc! latter pathvay predominates at lover soil depths. 

Noncarclnogenic Effects 

Exposure to naphthalene by the ingestion, inhalation, and dermal 

routes has been reported to result in intravascular hemolysis, corneal 
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ulceration aind cataracts, eye irritation, headache, confusion, aalaise, 

nausea, voaiting, and bladder irritation in huaans. In severe cases, 

hemolytic anemia vith associated jaundice and occasionally renal disease 

and death have been reported. Individuals vith a deficiency of glucose-

6-phosphate dehydrogenase (G6PD) and intants appear To be at greater 

ri.i;k for developing heaolytic anemia. 

In a study recently reported by Shopp et al. (1984), male and 

female CD-I mice vere exposed for 14 or 90 days by gavage to 3 different 

doses of the compound. Both males amd females shoved a 5 to lOZ mor

tality and depressed body veights at the high dose of 133 ag/kg/day. At 

this dose the aales had decreased thyaus veights and the females had 

decreased spleen and increased lung veights. Ko toxic effects vere 

observed at the tvo lover doses of 53 aig/kg/day and 27 mg/kg/day. For 

all exposure groups, no alterations vere observed in the hepatic drug 

metabolizing system except for a dose-related inhibition of aryl hydro

carbon hydroxylase (AHH) activity. 

Harris and covorkers (1970 as reported in U.S. EPA 1982) reported a 

statistically significant increase in retarded cranial ossification and 

heart development in offspring of Sprague Davley dams that had received 

intraperitoneal injections of 395 ag/kg naphthalene on days 1 through 15 

of gestation. In a recent study by Plasterer and covorkers (1985), 

single doses of naphthalene vere administered by gavage to pregnant CD-I 

mice on days 7 through 14 of pregnancy. The compound vas given at a 

dose estiaated to be at or just belov the threshold of adult lethality. 

A significant reduction in the average number of live pups per litter 

vas reported for the naphthalene-dosed females. 

Carcinogenicity and Mutagenicity 

Overall, the results of carcinogenicity testing vith naphthalene 

have been negative. Knake (1956 as reported in U.S. EPA 1980) treated 

40 vhite rats vith 500 mg/kg of coal tar naphthalene in sesame oil sub-

cutanecusly every tvo veeks for a total of seven treatments. Five out 

of 34 iat-5 developed invasive or aetastatic iN^mphosarcoma prior to 

death. These results are equivocal, hovever, because the injection 

sites vere first painted vith carbolfuchsin (a knovn carcinogen) prior 
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to each injection. The naphthalene also contained approximately lOZ 

me thylr aphthalene. 

Ir a second study, Knake (1956 as reported in U.S. EPA 1980) 

paintec a group of mice vith either benzene or a solution of coal tar 

naphthalene in benzene auid noted an excess of lyniphatic leukjenia in the 

group treated vith the naphthalene/benzene solution as compared to those 

treatec with benzene alone (4 versus 0 cases, respectively). These re

sults are difficult to interpret because benzene is a known animal 

carcinc'gen. 

Na.phthalene vhen combined vith rat aicrosonal fractions has been 

found to be nonmutagenic in bacterial mutagenesis assays (U.S. EPA 

1980b). 

Drinking Water Standards and Criteria 

U.S. EPA has not developed any drinking vater standards, health 

advisories, or ambient vater quality criteria for huaan health for 

naphthalene. 
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NICKEL (CAS No. 7440-02-0) 

Environmental Chemistry and Fate 

In the atmosphere, nickel exists predominauitly as ^ aerosol. 

AtBosphf^ric residence times depend on the nickel cdncehlrations, the" 

density and size of particles, and precipitption. The typical residence 

tines of nickel in the atmosphere ranges fron 1 to 21 days. Nickel 

species in the air most likely include soil minerals, oxide, and 

sulfate;3. 

Defending on the chemical and physical properties of the vater, 

nickel <ixists in numerous soluble and insoluble forms such as hydroxide, 

carbonate, sulfate, amd organic complexes (Versar 1979) in aqueous 

systems. Due to precipitation, iron oxide and manganese oxide are the 

primary determinants of the aqueous aobility of nickel. Hovever, 

variation of other factors such as sulfate concentration and pH can 

significantly influence nickel's mobility. 

Nickel is persistent in soils and has the potential to leach to 

groundvater. Sorption of nickel to soil is dependent on soil-vater pH, 

total iron, and surface area. Orgauiic coaplexing agents in soil tend to 

restrict nickel movement due to formation of organo-nickel complexes. 

NicJcel way also be iamobilized as nickel ferrite, as other aore coaaon 

coapounds (e.g., carbonates, sulfates, or halides) are too soluble to 

precipitate out of soil-vater. 

Nickel is aoderately mobile in lov pH and high cation-exchange 

capacity soils, but less aobile in aineral soils and soils vith his^ 

organic content (ATSDR 1987k). Extractability of nickel froa soil 

affects uptake by plant roots. The extractability is influenced by a 

nuaber of coaplex physical, cheaical, and biological factors. 

Ni(ck.el is bioconcentrated in some aquatic organisas. Bioconcen

tration factors typically range from 20 to 1,000, with higher values for 

phytoplankton, algae, and seaweed. 

Noncarclnogenic Effects 

Laboratory studies in aniaals have denranstrated depressed body 

veight gain, alterations in hematology paraneters, cytochrome oxidase 
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activity, and iron contents of organs following high oral nickel ex

posure. U.S. EPA has derived an oral reference dose by applying an 

uncertainty factor of 500 to a NOAEL of 5 ag/kg/day reported in a 

tvo-year feeding study in rats. 

Studies evaluating the effects ot nickel admihistration on aiiiieal 

reproductive systems have produced varying results. Nickel is knovn to 

cross the placental barrier in animals, and some data suggest this is 

al.<;o true for humams. Intraperitoneal aind intravenous injections of 

nickel compounds have produced some teratogenic effects in animals. 

Increased fetal mortality and reduced fetal veights also vere observed. 

In some studies, high dosages resulted in reduced fetal survival and 

decreased fetal veights in the absence of framk teratogenesis. 

Feeding studies involving administration of various nicJcel com

pounds to rats are more applicable to human exposure situations. 

Various studies have reported a correlation betveen nickel concentration 

in food or vater and reproductive performance (ATSDR 1987b). Nickel 

exposuie has also been reported to impair nale gametogenesis in mice and 

rats. No adverse reproductive effects linked to nickel exposure have 

been reported in hiunans. 

Carcinogenicity and Mutaigenicity 

The chemical form aind route of exposure aay be iaportamt factors in 

determining the carcinogenic potential of nicJcel- Insoluble nickel com

pounds (e.g., metallic nickel, nickel subsulfide, and nickel carbonyl) 

have been shovn to produce tuaors folloving inhalation exposure. Nickel 

carbonyl is the aost toxic and has been estimated to be lethal in aan at 

atmospheric exposures of 30 ppa for 20 ainutes (American Industrial 

Hygiene Association [AIHA] 1968). Hovever, multiple studies in irtiich 

nickel vas administered orally to rats and mice have been uniformly 

negative (U.S. EPA 1985c). In humauis, excess respiratory cancer 

mortality has been demonstrated in epidemiological studies of nickel 

sneltirg and refining vorkers-

U.S. EPA has classified nickel in group B^—sufficient evidence for 

carcincgenicity in animals, limited evidence in humans—according to 

guidelines for carcinogenic risk assessment (U.S. EPA 1986b) for the 

inhalation route, based upon the positive aniaal evidence for nickel 
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subsulfide and carbonyl compounds. Hovever, reflecting the negative 

animal carcinogenicity data, the agency has categorized nickel in Group 

D—inadequate evidence for the oral route of exposure. 

Nickel chloride vas found not to be mutagenic, vhereas nickel 

sulfate was found to be mutagenic in in vitro assays. 

Drinking Water Standards 

There is no federal drinking vater standard for nickel. U.S. EPA, 

however, has established a lifetime drinking vater health advisory of 

150 yg/L (U.S. EPA 1985c). 
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PENTACf[L0R0PHEN0L (PCP) (CAS So. 87-86-5) 

Introduction 

Commercial pentachloropbenol (PCP) is contaminated vith tvo chemi

cals—he.xachlorobenzene (HCB)V"and hexachiorodibenzo-p-dioxin (HxCDD), 

vhich Eire currently categorized by O.S. EPA as category B-, probable 

human carcinogens. Both are also potential reproductive toxins. PCP is 

also contaminated vith polycMorlnated dibenzofurans. This profile pri-

oarily addresses the toxicity of commercial PCP. The reader is referred 

to the profiles for HCB, fixC3S), and dibenzofurans for further informa

tion relevamt to evaluating the potential toxicity of coaaercial PCP. 

Environmental Chemistry amd Fate 

The relevauit physical and cheaicaU properties for pentachloropbenol 

are suiimarized belov (U.S. E7A 1986a). 

Molecu.'.ar veight 266 
(g/mole) 

Water .".'olubility 14 
(mg/L at 25''C) 

-4 
Vapor pressure 1.1 x 10 
(mmHg at 25»C) 

Henry'js Lav Constauit 2.8 x 10" 
(atm-a' /mole) 

K 53,000 
oc 

BCF 770 

PtyP has a moderate vater solubility, lov vapor pressure, lov 

Henry''.'3 Lav Constant, and high K . Based upon its K and lov vapor 

pressure, PCP vould be strongly bound to surface soil. The K of 

53,000 indicates that leaching fron soils and transport to groundvater 

is a slow process. PCP is resistant to biodegradation. The lov Henry's 

Lav Coistant and high K irdicate that PCP vill be strongly partitioned 

to surface vater sediaents. Finally, the BCF indicates that, like many 

lipophilic orgainics, PCP vill bioconcentrate in aquatic life. 
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Noncarcinogenic Effects 

PCP has elicited a vide variety of symptoirs folloving subchronic 

oral adninistration in animals, including: secondary anemia, increased 

blood sugar levels, hemorrhages and congestion in the lungs and kidneys, 

degenerative changes in the kidney tubules, and lesions of the brain and 

spinal cord (U.S. EPA 1985j). Commercial PCP containing chlorinated 

dibenzc-p-dioxins and dibenzofurans is significantly more toxic than the 

purified pentachloropbenol used in subchronic animal studies. 

Ir humans, local irritation, allergic responses, and systemic 

effects are found. Pentachloropbenol poisoning is characterized by pro

fuse sweating, accompanied by fever, veight loss, and gastrointestinal 

distress. Occupational epidemiological studies have revealed an 

increased incidence of lov-grade infections or inflauunations, and de-

pressicn of kidney functions, vhich are partially reversible (U.S. EPA 

1985h). -

Reproduction and Development 

Pentachloropbenol has not been shovn to be teratogenic in any of 

tbe mary animal studies designed to assess the toxicological endpoint. 

Fetoxicity has been elicited by 'both purified auid commercial PCP, 

vith tbe effects probably secondary to maternal toxicity. Fetotoxic 

effects noted in rat studies include increases in resorptions, altera

tions in the sex ratio, auid a number of skeletal aaoaalies regarded by 

tbe investigators as indicative of fetotoxicity rather than terato

genicity. U.S. EPA has developed a No-Observed-Effect Level (NOEL) of 

3 n g / k f / d a y (U.S. EPA 1987g) based on a one-generation rat study. 

BuCDD, am important contaminant in commercial PCP, hais elicited 

both fetotoxicity and teratogenicity in rat studies. Teratogenic 

effects observed include cleft palate, dilated renal pelvis, and ab

normal vertebrae. U.S. EPA has derived a NOEL of 0.1 yg/kg/day for 

fetotovicity (U.S. EPA 1987g), vhich is lower than the NOEL for 

teratogenicity. 

BC3, another important contaminant of commercial PCP, has elicited 

fetoto):icity and teratogenicity in rodent studies. Abnormalities ob

served in fetuses include cleft palate, reduced fetal viability, reduced 

neonatsil weight gain, and reduced relative neonatal weight. Based on 
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these studies, U.S. EPA set the K}EL for HCB at 1.0 mg/kg/day (U.S. EPA 

1987g). 

Carcinogenicity and Mutagenicity 

Pure pentachloropbenol has not been reported to be carcinogenic in 

a number of aniaal studies (U.S. EPA 1987g). It has also produced 

negative results in an initiation/proaotion study. These results are 

consistent with mutaigenicity studies, vhich have primarily been negative 

(U.S. EPA 1987g). 

However, flxCDD and HCS have both been found to be oncogenic in 

aniaal studies (U.S. EPA 1987g). The U.S. EPA estimated 95% upper bound 
3 

carcinogenic potencies of 6.2 x 10 and 1. 

HCB, respectively (U.S. EPA 1986a, 1987g). 

3 
carcinogenic potencies of 6.2 x 10 and 1.67 mg/kg/day, for HxCDD and 

Drinking Water Statndards and Criteria 

U.S. EPA has issued no drinking vater standards for PCP, HCB, or 

HxCDD. U.S. EPA has issued a proposed MCLG for PCP of 200 yg/L, based 

upon a DWEL of 1.01 ag/L, and assuming a drinking vater contribution of 

203; to total daily PCP intake (U.S. EPA 1985a). 

U.S. EPA has developed health advisories for a 10-kg child and a 

70~kg adult for PCP and HCB, but not for HxCDD. The U.S. EPA health ad

visory limits and reference conceitrations for potential carcinogens for 

PCP and its major contaainants are suaaarlzed in the folloving table. 

One-day Ten-day Long-term Lifetime Reference 
10 kg 10 kg 10 kg 70 kg 70 kg Concentration* 

Pentachloropbenol 1,000 300 300 1,050 1,050 

Hexachlorobenzene 50 50 50 175 — 0.02 

HxOTD ~ — 

Dibenzcifurans 

— No limit developed. 
* Corresponding to a 1 x 10" cancer risk. 

Al]. concentrations in vg/L. 
Source: U.S. EPA 1986a. 
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PEjmciDES - Organochlorine (see table belov for CAS Nos.) 

Environmental Chemistry and Fate 

Organochlorine pesticides consist mainly of chlorinated ethane 

compounds such as DDT; cyclodienes such as Dieldrin and Chlordane; aim 

hexachlorocyclohexames such as Lindane. From the mid 1940s to the 

middle 1960s, the organochlorine pesticides enjoyed wide use in agri

culture, soil and structure insect control, and malaria control 

programs. The pertinent physical and chemical properties, and environ

mental fate of specific pesticides are summarized below: 

Nane DDT DDE DDD Chlordane Dieldrin 

CAS No. 50-29-3 72-55-9 72-54-8 57-74-9 60-57-1 

Molecular 
weight 
(g/aole) 

Water 
solubility 
(mg/L at 25''C) 

Vapor 
p r e s s u r e 
(mafig a t 25»C) 

Henry's 
Lav Constant 
(atn-m /aole) 

I-og K 

K oc 

BCF 

ov 

355 

5.13x10 

6.19 

243,000 

54,000 

-4 

318 320 410 381 

5.00x10 ^ 4-00x1,0 ^ 1.00x10 ^ 5.60x10 ^ 1.95x10 ^ 

5.50x10"^ 6.50x10 ̂  1.89x10 ^ 1.00x10 ^ 1.78x10 ^ 

6.8x10 ̂  7.96x10 ^ 9.63x10 ̂  4.58x10"^ 

7.00 6.20 3.32 3.50 

4,400,000 770,000 140,000 1,700 

51,000 NA 14,000 4,760 

Their lipophilic nature, lov water solubility, high BCF, and in

creased <±emical stability indicate that organochlorinated pesticides 

bioaccumulate in organisms. Various studies have found bioconcentration 

factors fcr DDT that range up to 10 in aquatic systems. Kenaga (1972) 

and Edwards (1970) found that bioconcentration levels are higher for 

or̂ ranisms in aquatic ecosystems than in terrestrial ecosystems. A 

5-70 



half-life of 3.1 days vas calculated for DDT volatilization, and the 

rate vas determired by DDT gradient in the vapor phase (MacKay and 

Leinonei 1975). The effects of bioaccumulation of DDT, DDD, DDE, and 

Dieldrin are primarily manifested in orgamisms at the top of food chains 

by a process of biologic concentrations in ecosystems (Dustaan and 

Stickel 1969). Degradation of these compounds by microorganisms or 

photochamical reactions is a slov process that contributes to increased 

bioaccumulation. 

DD2 (dichlorodiphenyl dichloroethylene) and DDD (dichlorodiphenyl 

dichloroethame) are metabolites of DDT (dichlorodiphenyl trichloro-

ethane). Based on the lov vater solubility, subsequent high lipid 

solubility, and high K of these substances, there is great adsorption 

to the orgamic matter in the soil. Once adsorbed, these insecticides 

are not readily desorbed, resulting in slov leachability through the 

soil (Cisarett and Doull 1986). Thus transport to the hydrosphere is 

via erosion of soil particles amd not dissolution into vater. Ad

ditionally, these pesticides have lov vapor pressure and lov Henry's Lav 

Constants, indicating that volatilization from soil is not a major 

pathvay in soils vith high organic content. Hovever, volatilization cam 

be important if high concentrations o'f pesticides are found in sandy 

soils or vater. 

Toxic Effects 

Orgamochlorinated pesticides are most efficiently absorbed by 

ingestion and via the respiratory tract. In general, they act on the 

central nervous systea to stiaulate or depress. Signs and symptoas of 

toxicity, therefore, vary vith the specific cheaical. Cyclodiens, in 

particular, can be absorbed through intact skin, and Dieldrin can be 

absorbed in this aanner from a dry state vithout being in solution 

(Hamilton and Hardy's Industrial Toxicology 1983), vhile DDT is poorly 

ab;.orbel through skin. As a class, the organochlorine pesticides are 

often considered to be less acutely toxic, but have greater potential 

for chronic toxicity. They are also classified as neuropoisons but the 

precise mechanism is not known in most cases (Casarett and Doull 1986). 

DDT (Hayes 1963) affects the nervous system at high doses amd 

causes paresthesia, tremor, and convulsions. The onset of effects is 
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characterized by paresthesia of tongue, lips, and face; tbe subject soon 

develops tremor, a sense of apprehension, dizziness, confuricn, malaise, 

headache, and fatigue. In severe intoxication, convulsions aay be 

continuous, with elevated body temperature, unconsciousness, labored 

breathing with rigorous heartbeat, and eventually deatn. Cortinued 

absorption of DDT by humans resulted in storage of DDT and iis metab

olites, including DDE, in fat (Laws et al- 1973)- Recent studies 

indicate that DDT is capable of altering the transport of soclum and 

potassium ions across the membranes of nerve axons (Casarett and Doull 

1986). Studies on isolated neurons and nerve fibers have slwwn that DDT 

blocks potassium efflux across the membrane, vhich resalts iJi an in

creased negative after potential (O'Brien 1967). ' Heavy exposure to DDT 

dust can cause eye and skin irritation (AIHA 1959). DOT exftosure has 

been detected in air, rain, soil, water, aniaal, plant tissue, and work 

environments- Potential dermal exposures were estiaated to he 84 mg/hr 

for outdoor spraying; 212 mg/hr for forest spraying; and 524.5 mg/hr for 

formulating-plamt workers- Potential respiratory exposures vere 0.11 

mg/hr for outdoor spraying, 7.1 mg/hr for indoor spraying, aad 14.1 

mg/hr for formulating workers (PHS-NTP 85-002, 1985). Acute oral 

toxicity for aan has been establishe<^ at 250 ag/kg and acute oral LD^^ 

(rats) = 113 mg/kg (Meister Publishing Co. 1985). 

Chlordame is considered to be a convulsant. Inhalation and skin 

absorption have resulted in blurred vision, cough, confusion, ataxia, 

and delirium; ingestion has caused abdominal pain, nausea, vvmiting, and 

diarrhea; and severe intoxication has caused irritability, tremor, 

convulsion, and death (Barnes 1967; Derbes et al. 1955). Acste oral 

toxicity LDcQ for rats vas estiaated to be 367 to 515 mg/kg and acute 

dermal (rabbit) vas > 500 to < 2,000 mg/kg (Heister Polishing Co. 

1985). 

Dieldrin is a convulsant. Early symptoas v i intcxicatcon may in

clude headache, dizziness, nausea, vomiting, malaise, sveatrlng, myolonic 

jerks cf the limbs, and clonic and tonic convulsions: soBetrines coma 

follows and may occur vithout premonitory symptoms (Esyes 1H3). 
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Carcinogenic, Teratogenic, and Mutagenic Effects 

DDT, Aldrin, and Dieldrin have been suspected as carcinogens 

attacking the liver (DHEW/NIOSH 1977). lARC (1982) found that DDT, vhen 

administered orally to mice, produced liver cancers, lymph system 

neopla.'sms, and lung tumors. 

Evidence of carcinogenicity in humans is inadequate. Four studies 

of cancer patients indicated that these patients had higher levels of 

DDT than individuals dying from other causes. Other studies reported 

that elevated serum levels of DDT provide inadequate evidence for car

cinogenicity (PHS-NTP 85-002, 1985). 

Pesticide teratogenicity aust be considered from a dose-response 

stamdpoint, vhich is subject to problems of interpretation amd extrap

olation as are other dose-related effects. No definite data for tera

togenicity are available. Epstein amd covorkers (1972) reported no 

mutagenic effect in mice by the dominant lethal assay. Also, Durhaa amd 

Willians (1972) concluded that "from the present state of knowledge, it 

must b(.> agreed that no fira conclusions cam be dravn as to vhether 

pesticides represent a mutagenic hazard." 

Water Quality Criteria for Drinking Water 

The folloving adjusted criteria vere derived from published U.S. 

EPA Ambient Water Quality Criteria (U.S. EPA 1980b) for combined fish 

and drinking vater ingestion, and for fish ingestion alone. In 

derivation of these values, intake vas assumed to be 2 liters per day 

for drinking vater, and huaam body veight to be 70 kg. The concen-

tratioti in parentheses corresponds to a risk of 10" (vhich is a 

midpoint of the range 10" to 10" ). The criterion value for all 

potential carcinogens is zero (U.S. EPA 1986). 

Pesticide Water Quality Criteria 

Chlordane 0 (22 ng/L) 
DDT 0 (> 1.2 ng/L) 
Dieldrin 0 (1.1 ng/L) 
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PHENOL (CAS No. 108-95-2) 

Environnental Chemistry and Fate 

The relevant physical and chemical properties and environmental 

fate of phenol are summarized belov (U.S. EPA r^86ay. 

Molecular veight 94 
(g/mole) 

Vater solubility 93,000 
(mg/L at 25''C) 

Vapor pressure 0.341 
(mmflg at 25''C) 

Henry's l>av Constamt 4.5 x 10" 
(atm-m /mole) 

Log K - 1.42 
** ow 

K 14.2 
oc 

BCF 1.4 

Phenol has a high vater solubility and vapor pressure. As a con

sequence of these tvo properties, phdnol can be characterized as a 

hi^ly mobile chemical. For phenol released to air, some rainvater 

vashout is anticipated. After deposition in vater or soil, volatili

zation is expected to return some portion to the atmosphere. Based on 

phenol's lov Henry's Lav Constant, substantial volatilization loss 

should not occur to the atmosphere folloving release to vater. 

Due to phenol's high vater solubility and high vapor pressure, 

transport to sediments is not expected to be a major surface vater fate 

process. 

Phenol released to soil can be transported to air via volatili

zation, to surface vater via runoff, and to groundwater via leaching. 

Th« first two pathways predominate in surficial soil, whereas the latter 

parhvay predominates at lower soil depths. 

According to criteria developed by Kenaga (1980), phencl with a K 

of 14.2 would be considered to be mobile in soils. Other factors that 

influence soil aobility include soil type, the amount of rainfall, the 

depth to groundwater, and the extent of degradation. 
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Noncarclnogenic Effects 

Phenol is a highly toxic compounc* that may enter the body via skin 

absorption, vapor inhalation, and ingestion. Based on the available 

human and animal data, exposure to large doses by any route of exposure 

can le.ad to serious illness or death. Toxic doses in humans and animal 

species elicit similar symptoms: initial increases in heart rate, 

labored breathing, cyanosis, and pulmonary edema. The present data do 

not indicate that phenol is teratogenic. 

Carcinogenicity and Mutagenicity 

Based upon the limited animal data, the U.S. EPA has classified 

phenol in category D—inadequate evidence to evaluate carcinogenicity. 

The mutagenicity data, on balance, present equivocal evidence of 

mutagenicity. 

Drinking Water Standards and Criteria 

U.S. EPA has not classified drinking water standards or criteria 

for phenol. 
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POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) (Various CAS Nos.) 

Environmental Cheaistry and Fate 

In general, most priority pollutant PAHs can be characterized as 

having lov vapor pressure, ~lov "water solubility, low Henry''s Law-" 

Constants, high logarithms of the octanol-water partition coefficients 

(log K s) and high organic carbon partition coefficients (K s). The 

high K s indicate that most PAHs are strongly sorbed to organic matter 

in the soils. This factor, combined with the lov water solubilities, 

indicates that the rate of transport of most PAHs from the unsaturated 

zone via infiltration to the saturated zone will be extremely low. Low 

vapor pressure amd lov Henry's Lav Constants indicate that most PAHs 

vill not readily volatilize from surface vater, and these factors, in 

combination vith high K s, also indicate lov volatilization rates from 
oc 

surface soils. 

The exceptions to the groundvater transport argument are four 

PAHs (acenaphthene, fluorene, fluoranthene, and pyrene) vith vater 

solubilities greater than 100 yg/L. Although these four compounds have 
3 

high K s (10 or greater) relative to other PAHs, their solubilities 

indicate that they are aobile, and aaV be observed in groundvater. The 

cheaical and physical properties for priority pollutant PAHs are 

presented in Table 5-5. 

Typically, although PAHs are regarded as persistent in the environ

nent, they are degradable by soil aicroorganisas. 

Degradation rates amd degree of degradation are influenced by 

environmental factors, aicrobial flora, and physico-chemical properties 

of the PAHs theaiselves. Important environmental factors include 

tenperature, pH, oxygen status, soil type, moisture, and nutrient status 

(Sims and Overcash 1983). Microbial factors include acclimation status, 

populations present, and the relative proportions of bacteria, fungi, 

and actinomycetes (Sims and Overcash 1983). Physico-chemical properties 

include cheaical structure, concentration, and iipophilicity. 

Ccmpounds that are easily and rapidly biodsgraded include acenaph

thene, naphthalene, and phenanthrene. Conpounds that are persistent, 

requiring long tiae periods or specialized conditions for degradation, 

include benzo(k)fluoramthene, benzo(g,h,i)perylene, benzo(a)pyrene. 
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rabla 5-5 

PHYSICAL MJD CHEMICAL PROPERTIES OF SELECTED PAHs' 

chemical Name 

Hoiecu1 

Weight 

154 

17« 

t i t 
252 

252 

276 

252 

22« 

27$ 

202 

116 

276 

na 
202 

ar 

(g) 

CAI 

No. 

83-32-9 

120-12-7 

l«-ll-} 

205-99-2 

207-0«-9 

191-24-2 

50-32-a 

208-01-9 

53-70-3 

206-44-0 

86-73-7 

193-39-5 

«ft-Ol=.l 

129-00-3 

Vapc r 

Pressure 

(ma 

1.55 

1.95 

i , i 

5.0 

5.1 

1.03 

5.6 

6.3 

1.0 

5.0 

7.1 

1.0 

«.« 
2.5 

X 

X 

N 

X 

X 

X 

X 

X 

X 

X 

X 

X 

M 

X 

Hg) 

10-^ 

10-^ 

to-' 
10" 

10" 

10-^ 

10-^ 

10-^ 

10-' 

io-< 

10-^ 

10-

10-' 

10-

0 

LO 

10 

water 

Solubility 

4.5 

«,7 

1.4 

4.3 

7.0 

1.2 

1.8 

S.O 

2.6 

5.3 

1.32 

•g/L) 

X 

» 
X 

X 

X 

X 

X 

X 

X 

X 

X 

3.42 

10"^ 

10'' 

10"* 

10"' 

lO"* 

10"' 

10"' 

lO"* 

10"^ 

1.69 

10"^ 

t.O 

10"' 

Henry's 

Law 

Constant 

9.2 

1.2 

t.tA 

1.19 

3.94 

5.34 

1.55 

1.05 

7.33 

6.46 

6.42 

6.86 

1,60 

5.4 

X 

X 

x 

X 

K 

X 

X 

X 

X 

X 

X 

X 

II 

X 

lo-'^ 
10"' 

. 0 - * 

10"' 

10"' 

10"' 

10-* 

10-* 

10-' 

10"* 

10"^ 

10"' 

lO"* 

10-* 

log 

Kow 

4.0 

4.45 

I.e. 

6.06 

6.06 

6.51 

6.06 

5.61 

6.8 

4.9 

4.2 

6.5 

4 , i f . 

4.88 

( 

4.6 

1 ,18 

1 .44 

3.8 

Xoc 

mL/g) 

X 

X 

« 
X 

X 

X 

X 

X 

X 

X 

X 

X 

a 

X 

lo' 
10^ 

lo" 

10^ 

10=" 

10* 

10* 

10=' 

10* 

IO-* 

:..o' 

;o* 
m" 
:;o* 

BCF 

(L/kg) 

242** 

1,210** 

n ,7no»* 

68,200*' 

28,200** 

11,700** 

2,920 

1,300*** 

3,«S0** 

2,800** 

Ul 
I 

acenaphthene 

anthracene 

bahi«>i ( a I «it> I I I • • ' • l i e 

benzo(b) fluoranthene 

benzolk )Cluoranthene 

benzo(g ,h, i)perylene 

benzo(a )pyrene 

chiysane 

diben7.o(a,h)anthracene 

t liioinn thane 

Cluorane 

indeno(1,2,3-cdIperylene 

phaudii i 111 aiia 

p y r e n e 

' uiilanb oLhaiwlsa tootnotad, data taken t t a m U,fl, O A laaAa, 

** U.S. EPA 19841. 

*** Lyman, Reehl, and Rosenblatt 19(2. 



chrysene, dibenzo(a,h)anthracene, and indeno(l,2,3-cd)pyrene. The ease 

of biodegradation generally decreases vith increasing molecular veight. 

Biodegradation products generally include hydroxylated PAH derivatives. 

Noncarcinogenic Effects ' 

Very little attention has been paid to the noncarcinogenic effects 

of PAHs. It is knovn, however, that rapidly proliferating tissues (e.g., 

bone marrov, lymphoid organs, testes, etc.) appear to be the preferred 

targets for PAH-induced cytotoxicity. 

Acute and chronic exposure to various PAHs classified as carcin

ogens has resulted in the destruction of specific hematopoietic and 

lymphoid elements, ovotoxicity, anti-spermagenic effects, adrenal 

necrosis, and changes in the intestinal and respiratory epithelia. This 

tissue damage occurs at doses expected to induce carcinogenicity and 

malignancy risks predominant in evaluating PAH toxicity. For PAHs 

classified as noncarcinogenic, very little is knovn about toxic re

sponses or aechanisms. 

Carcinogenicity and Mutagenicity 

The U.S. EPA has issued finalized carcinogenicity risk assessment 

guidelines (U.S. EPA 1986b) to establish criteria for evaluating and 

categorizing ciheaicals into five groups, according to veight-of-evidence 

categories. According to this categorization scheme, 5 of the 15 

priority pollutant PAHs have been placed in category B^ (probable human 

carcinogens), vith sufficient evidence of carcinogenicity in aniaals, 

and inadequate data for huaans. A sixth PAH (indeno(1,2,3-cdIperylene) 

has been placed in category C, denoting possible human carcinogenicity 

based on liaited evidence of carcinogenicity in aniaals in the absence 

of human data (U.S. EPA 1986b). Table 5-6 contains U.S. EPA's most 

current categorization of priority pollutant PAHs (U.S. EPA 1986b). 

Folloving its risk assessment guidelines, U.S. EPA typically performs 

quantitative risk assessments for groups B or A, and, in some cases 

(d'epencing on the quality of the data) for group C. 

Tc date, U.S. EPA has estimated a carcinogenicity slope (unit 

cancer risk) for carcinogenic PAHs using data for a single PAH, 

benzo(£.)pyrene (BaP). This United effort does not take into account the 
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JiSl* 5-5 

EPA CARCINOGENICITT CATEGCSIZATIOM rOR ORAL A»D INHALATION 

ROUTES or EXPOSURE TOX THE 15 PRIORITT POU.UTMIT POLYCYCLIC AROMATIC HYDROCARBONS 

Compound 

EPA Carcinogenicity Classifications' 

Inhalation Oral 

acenaphthene 

anthracene 

benzo(a)antlracana 

benzo(b)fluc ranthane 

banco(k Jflucranthene 

banco(g,h,1!perylene 

benzo(a)pyr<ine 

chrysene 

dibenzo(a,h anthracana 

fluoranthano 

fluorene 

indeno < 1,2 ,:i-cd)p«rylana 

naphthalene 

phananthreno 

pyrene 

0 

O 

»2 
»2 

0 

D 

B, 

D 

D 

C 

D 

D 

D 

O 

D 

»2 

«2 
D 

D 

B, 

D 

D 

C 

D 

0 

D 

Unless otherwise footnoted, classificatisa takan froa U.S. EPA 1986a. 
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clearly docuaented differences in quantitative dose-response 

relationships for the other PAHs. Tvo specialists in U.S. EPA's 

carcinogenic assessment group have evaluated the relative potency 

estimates for the other five carcinogenic PAHs to benzo(a)pyrene 

(YhorsJ.und et al. 1986). 

Uidng a series of sophisticated statistical procedures, these 

author;: have derived estimated relative potencies for the five other 

"carcinogenic" PAHs relative to BaP. For the potency estimation, the 

authors; used bioassays from individual laboratories in vhich BaP and the 

other I'AHs vere tested in common. The results of this procedure for 

developing relative potency estimates are summarized in Table 5-7. 
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Tabla 5-7 

RELATIVE POTENCY ESTIMATES DERIVED FOR POLYCYCLIC AROKATIC HYDS-OCARBOIS 

CAVEGORIEED IN GROUP A, B, OR C ACCORDING TO U.S. EPA'S WEIGHT OF EVIDENCE CRITERIA 

Compound Relative Potency Estimataa 

banzo(a)p'^rane 

benzo(a )a i th racane 

benzo(b)f luoranthene 

chrj'sena 

dlbanzo(a,h)anthracana 

indano(1.2,3-cd}p«ryl«a« 

1 

0.145 

0.140 

0.0044 

2.S2 

0.233 

Source: Tborslund at al. 1986. 

5-81 



P0LYCHJ.0RINATED BIPHENYLS (PCBs) (Various CAS Nos.) 

Introduction 

Polychlorinated biphenyls (PCBs) are a class of compounds vith 

varying degrees of chlorine substitution on tvo phenyl rings bound at 

the 1~'..' position. PCBs, previously Tsed in commerce, are mixtures of 

variou;; substituted biphenyls formed iy a reaction of chlorine vith 

biphenj'l. Because of their heat stability and resistance, lov vater 

solubil.ity, and favorable dielectric properties, PCBs found considerable 

use in hydraulic fluids, compressor liibricants, heat transfer fluids, 

paints; lacquers, and ink (U.S. EPA 1987f). 

PCBs have the empirical formula Ci-Hin Cl vith n=l to 10. The 

nufflber.'.ng system is based upon ring-ring chlorine bonds, vith identical 

numberr.ng systems on each ring. By convention, the ring vith the fevest 

chlorine substitutes, or substituted in the highest numerical positions, 

is designated as prime (ATSDR 19871). 

Registered trademarks or brand names for individual PCBs vary ac-

cordini: to both the manufacturer and the country of origin. 

P(3s, formerly produced in the United States by a single nan-

ufacturer, are called Aroclors. All l&roclors'are designated by a four-

digit nuabering system. The first tvo digits denote the type of 

compound; the last tvo digits give tbe percentage by veight of chlorine. 

The onJ.y exception is Aroclor 1016. The tradeaarks by aanufacturers in 

other (countries include Phenoclor, Clophen, and Kaneclor. 

Environaental Chemistry and Fate 

The relevant physical and cheaical properties and environaental 

fates of polychlorinated biphenyls are suaaarlzed in Table 5-S (ATSDR 

19871). 

In vater, adsorption to sediments or other organic vater is a najor 

fate process for PCBs (ATSDR 19871). Based on their vater solubilities 

and oc':anol-vater partition coefficients, the lover chlorinated con

ponent;; of the Aroclors vill sorb less strongly than the higher chlori

nated :.somers. 

Volatilization is also an important environaental fate process for 

PCBs d:LSSolved in natural vater. Tbe estinated Henry's Lav Constants 
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Table 5-8 

PH<fSlUVL AND CHbMlCAL fftUfLKTICS OF PCBs' 

Aroclor Molecular Weight Color Physical Solubility in 

Designation (average) 

Density 

Stata water, mg/L g/ca at 2Soc Log Octanol-Water* 

Partition-Coefficient Vapor Pressure 

(noHg at 25°C) 

Hanry's law** 

Constant 

at-m /mol tt 25»C 

Biocentration 

Factor*** 

FT 

01 
I 
00 
OJ 

1016 

1221 

1232 

1242 

1248 

1254 

1260 

257.9 

200.7 

232.2 

266.5 

299.5 

328.4 

375.7 

Clear 

Clear 

Clear 

Clear 

Clear 

Light 

Yellow 

Light 

Yellow 

Oil 

Oil 0, 

Oil 

Oil 

Oil 

viscous 

liquid 

Sticky 

realn 

0.42 

.59 (24» C) 

unknown 

0.24 

0.054 

0.012 

0.0027 

1.33 

1.15 

1.24 

1.35 

1.41 

1.50 

1.58 

5.6 

4.7 

5.1 

5.6 

6.2 

6.5 

6.8 

4 X 10 

6.7 X 10 

4.06 X 10 

4.06 X 10 -4 

4.94 X 10 

7.71 X 10 

4.05 X 10 

-4 

2.9 X 10 

3.5 X lU 

Unknown 

5.2 X If) 

2.8 X 10" 

2.8 X 10 

-3 

-4 

-3 

4.6 X 10 

42,500 

70,500 

100,000 

190,000 

* These log K values represent an average value for tha major components of the individual Aroclor. 

»• Haniy'a lj«w i-.ttiBiaiiio waia aaliuMt-acI by dtvt^llnq tha vaprtr praaaura by t-ha water Doliiblllitias, and rapranant avaraqa valiiaq for tha Ajroclor mixtures 

as a whole (ATSDR 19871). | 

*** rroR LyMin, Reehl, and Rosenblatt 1912. 

Source: Unleaa otharwias specified, from ATSDR 19871. 



are indicative of significant volatilization froa environaental vaters 

(ATSDR 19871). Hovever, strong adsorption to sediments significantly 

reduces the concentrations of PCBs available for volatilization, vith 

longer volatilization half-lives for the more highly chlorinated PCBs. 

The lov vater solubility, high log K s, and demonstrated straig 
ov 

adsorption to soils and sediments indicate that significant leaching 

should not occur in soil under most conditions. Lover chlorinated PCBs 

vill leacJi at rates greater than the higher chlorinated PCBs. In the 

presence of organic solvents, significant leaching of PCBs in soil can 

occur (ATSDR 19871). 
-3 -5 PCBs vith vapor pressures ranging from 10 to 10 aaHg should 

exist alaost entirely in the vapor phase in the atmosphere (Eisenreich 

et al. 1981). The tendency of PCBs to adsorb to particulates incr^ises 

vith increasing degrees of chlorination. PCBs in the atmosf^re are 

physically removed by vet and dry deposition (Eisenreich et al. 1981). 

In general, the rate of degradation or transformation in the 

environment decreases vith increasing chlorination. In the atmosphere, 

the vapor phase reaction of PCBs vith hydroxyl radicals may he the 

dominant transformation process (ATSDR 19871). In the aquatic environ

ment, PCBs are not significantly degr'aded by hydrolysis and oxidation, 

cind photolysis appears to be the only potentially iaportant process 

(ATSDR 19871). 

In general, mono-, dl-, and trichlorinated biphenyls (Aroclor 1221 

and 1232) biodegrade relatively rapidly; tetrachlorinated biphenyls 

(Aroclors 1016 and 1242) biodegrade slovly; and higher chlorinated 

biphenyls (Aroclors 1248, 1254, and 1260) are resistant to biodegra

dation (ATSDR 19871). In addition to the degree of chlorination, 

chlorine substitution patterns also appear to be important ia in

fluencing the rate of biodegradation. 

Experimentally determined bioconcentration factors (BCFs) for 

various Aroclors (1016, 1248, 1254, and 1260) in aquatic species (fish, 

shrimp, <'ind oysters) range from 26,000 to 660,000 (Leifer e: al. 1983). 

Noacarcinogenic Effects 

Several complications exist in assessing the toxicity of PCBs. 

Different mixtures nominally depicted by PCB type jind chloriae 
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substitution may, in fact, vary significantly in isomer composition. 

Additionally, highly toxic contaminants are often present in PCB 

•ixtures. 

In general, hovever, it can be concluded from short- and inter-

aediate-term studies of toxicological effects that oral administration " 

of PCBs to cinimals results in a variety of physiological and morpho

logical alterations in the liver, including: enlargement, fatty 

infiltration, centrilobular lesions, and effects on liver porphyrin 

metabolism. The major biochemical effects include induction of oixed 

function oxidase enzymes and modification of porphyrin metabolisa. PCBs 

can also inhibit the immune system. Skin applications to rabbits has 

been shovn to cause erythema, keratosis, and chloracne. 

Human studies related to PCB exposures have been done on the health 

of occupationally exposed vorkers, as veil as on health effects noted 

folloving tvo incidents in vhich cooking oils contauninated vith PCBs 

vere ingested. Occupationally exposed vorkers typically deaonstrated 

dermal problems such as chloracne, rashes, and burning sensations. 

Vhile nost biochemical parameters in these studies vere found to be 

vithin normal ranges, one study reported an elevation of liver enzymes 

in exposed vorkers. ' 

The tvo incidents concerning the ingestion of PCB-tainted cooking 

oils occurred in east Asia. The first incident, designated as the 

"Tusho" outbreak, occurred aaong Japanese (Higuchi 1976; Kurotsune and 

Shapirc 1984); vhile the second, designated "Taichung," occurred among 

Taivanese (Hsu et al. 1984; Lu and Vang 1984). Health effects observed 

in humsiis folloving exposure included: chloracne, increased discharge 

from tie eyes, soreness and veakness of limbs, headaches, dizziness, and 

genera] malaise. Because the cooking oil in the Tusho study vas also 

found to be contaminated vith highly toxic polychlorinated dibenzo

furans, implications cannot be limited to PCBs alone in this study. 

Reprodiiction and Development 

The range of reported effects on reproduction in animals include; 

a lengthening of the estrus cycle, veak estrogenic activity,, fetotoxi

city, i;etal deaths, decreased survival of the neonate, small birth 

veight, and a variety of teratogenic effects. Rats and mice appear to 
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be morc! resistant to reproductive toxicity than nink or monkeys, vhich 

have al.so been used in studies. These differences aay possibly be 

attributable to the duration of the studies and to differences in 

metabolic rates and pharmacokinetics. 

Most of the studies used dosages that vere matefn"ariy" toxic. -

Maternjil toxicity obviously is an iaportant consideration vhen assessing 

reproductive and developmental toxicity. This consideration, frequently 

referriid to as Karnofsky's rule, states that "any compound administered 

at the proper dosage, at the proper stage of development, or to embryos 

of the proper species vill be effective in causing disturbances in 

embryonic development." This calls attention to the fact that if a 

pregnant animal is sick, the delicate balance betveen the mother and 

fetus is affected or disrupted, and adverse fetal effects can be ex

pected; 

There-have been-studies of-thereproductive and developmental ef^ 

fects (if combined exposure to PCBs subsequent to outbreaks of poisoning 

in Japcin (Tusho) and Taivan (Taichung). Findings in nevbom children of 

exposed mothers include: fetal grovth inhibition, lov birth veight, dry 

brovn <:kin pigmentaticHi, precocious dentition, gingival hyperplasia, and 

abnoras.l calcification of the skull ^Department of Health and Human 

Services [IWHS] 1985a). 

Carcinogenicity and Mutagenicity 

Tliere have been a nuaber of studies designed to assess carcino

genicity in aniaals. All but one study have been negative. The 

positi\e study by Riabrougfa et al. (1975) reported a statistically 

significant increase in hepatocellular carcinoaas aaong aice and rats 

administered Aroclor 1260 in the diet. 

Epidemiological studies have not reported significant increases in 

cancer in occupationally exposed vorkers. Explanations for these 

findings may include aa insufficient latency period eUid small sample 

sizes in the studies. 

Ef.sed upon the above evidence, U.S. EPA has classified PCBs in 

Group h „ , vith adequate evidence of carcinogenesis in animals, and 

inadequate evidence in huaans. lARC (1979) has classified PCBs in 

category 2B, based on studies indicating inadequate evidence for 
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carcinogenicity in humans, sufficient evidence in animals, and in

adequate evidence of activity in short-term mutagenicity tests. 

J.S. EPA's cancer assessment group has calculated a unit cancer 

risk of 4.34 (mg/kg/day)~ , using the upper 95 percent value of ttse 

doses used in the positive study (Kimbrough et ai. 1975). 

Standards and Criteria 

Drinking Vater. As the first stage in developing a maximum con

taminant level (MCL) for PCBs in drinking vater, the U.S. EPA has 

recently proposed an MCLG of zero. U.S. EPA vill establish an MCL 

taking into account technological feasibility of control and analytical 

feasibility. 

Surface Vater. The U.S. EPA has established ambient vater quality 

criteria for the protection of freshvater and saltvater aquatic life of 

0.014 ug/L and 0.03 yg/L, respectively. For huaan health, U.S. EPA has 

estimated the drinking vater concentration corresponding to a one-in-a-

million cancer risk as in excess of 0.0079 ng/L. 
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TETRACHLOROETHENE (PERCHLOROETHYLENE OR PERC) (CAS No. 127-18-4) 

Environaental Chemistry and Fate 

The relevant physical and chemical properties and environmental 

fate of tetrachloroethene are summarized belov iD7S^ EFA"1986a). 

Molecular veight 166 
(g/mole) 

Vater sDlubility 150 
(mg/L at 25"'C) 

Vapor pressure 17.8 
(maHg at 25''C) 

_2 
Henry's l,av Constant 2.6 x 10 
(atm-m" I'mole) 

Log K 2.6 
* ov 

K 364 
oc 
BCF 31 

Tetrachloroethene's moderate vatfer solubility and vapor pressure 

indicat<> that volatilization is the major loss nechanisa froa surface 

soil and surface vater. Its aoderate K indicates that leaching to 

groundviter from lover soil depths is an important aechanisa. In 

addition, tetrachloroethene is biodegraded by certain soil aicro

organisms by a sequential series of aonodechlorinations. Once it 

reaches the groundvater, its aoderate R indicates that tetra

chloroethene vill be moderately adsorbed to soil particles and vill be 

ffloderati'ly retarded relative to groundvater traisport. Finally, tetra

chloroethene is subject to lov bioconcentration in aquatic species. 

Noncarcinogenic Effects 

Th; principal toxic effects folloving acut= exposure in animals to 

tetrachloroethene (PERC) are depression of the CNS, ataxia (failure of 

muscular coordination), and respiratory cardiac arrest (ATSDR 1987m; 

U.S. EPA 1985f). Subchronic and chronic effects in anioials include 
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damage to the liver and kidneys. In humans, the principal effects are 

CNS dejiression and liver toxicity. 

Ca reinc genicity and Mutagenicity 

A 1977 NCI bioassay in vhich PERC vas administered by gavage re

ported increased incidence of liver tumors in mice but not rats (U.S. 

EPA 19f5d). A draft report of a National Toxicology Program (NTP) 

inhalation bioassay, currently under internal U.S. EPA reviev, has noted 

an increased incidence of tumors in mice and rats. Although U.S. EPA 

has previously categorized tetrachloroethylene in Group B„—probable 

huaan carcinogen (U.S. EPA 1985b, 1985h)—the agency is avaiting final 

results of the NTP bioassay before commencing rule-making for the 

chemice.l in drinking vater. 

PfĴ C has been evaluated for its ability to cause gene mutation, 

chromosomal aberrations, unscheduled DtHk synthesis, and mitotic re

combination. In general, these responses have been veak and vere 

observed at high concentrations that vere cytotoxic (U.S. EPA 1985h). 

Additicnally, no dose-dependent relationships vere demonstrated in these 

studies (U.S. EPA 1985h). 
' I 

Drinkirg Vater Standards 

U.S. EPA has not established an HCL for PERC in drinking vater. 

The agency is scheduled to begin rule-making procedures to establish an 

MCL in the near future. 

5-89 



TOLUENE (CAS No. 108-88-3) 

Environmental Chemistry and Fate 

The r e l evan t p h y s i c a l and chemical p r o p e r t i e s and envi ronmai ta l 

f a t e of to luene a r e summarized belov (U.S. EPA i986a7". 

Molecular ve igh t 92 
(g/mole) 

Vater s o l u b i l i t y 535 
(mg/L a t 25°C) 

Vapor p r e s s u r e 28.1 
(mmHg a t 25°C) 

Henry'15 Lav Constant 6.4 x 10 
(atm-m"/mole) 

Log K^^ 2.73 

K 300 
oc 

BCF 10.7 

Tcluene has a high vater solubility, moderate vapor pressure, high 

Henry's Lav Constant, and moderate K ' • Based on the vapor pressure and 

K , vclatilization froa surface soils is an important transport path

vay. Based on its vater solubility and moderate K , toluene v i l l be 

readily transported to groundvater, and upon reaching groundvater, be 

subject to a lov degree of retardation relative to the groundvater flov. 

Based en the vater solubility and high Henry's Lav Constant, volatili

zation vill be a major transport pathvay froa surface vater. 

Noncarcinogenic Effects 

Acute or chronic exposure to high levels of toluene in animals 

result*: in CNS depression and effects on the lungs, liver, and kidneys. 

U.S. EPA has derived an AADI for drinking vater consumpticn based 

upon a 24-month inhalation study in rats (U.S. EPA 1985c). Based upon a 
3 

NOAEL cif 1,130 ng/m , an uncertainty factor of 100, and an assunption of 

50 p€rc;ent pulmonary absorption, U.S. EPA derived an AADI of 1C,100 ug/L 

(U.S. EPA 1985c). 
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Carcin<igenicity and Mutagenicity 

Only one long-tern carcinogenicity bioassay of toluene has been 

report€id. This study concluded that toluene vas not carcinogenic fol

lowing inhalation in rats. NTP is conducting carcinogenicity studies in 

which toluene is being administered by inhalation and gavage to rats and 

mice. In addition, carcinogenicity studies by European investigators 

are expected to be published in the next fev years. According to 

veight-of-evidence carcinogenicity criteria, U.S. EPA has classified 

toluent; in Category D, not classifiable as to human carcinogenicity 

(U.S. EPA 1985c). 

Tfiluene has not been shovn to be mutagenic in in vivo or in vitro 

assays (U.S. EPA 1985c). 

Drinking Vater Standards and Criteria 

Standards. In the first stage of the rule-makit^ process designed 

to estciblish a MCL for toluene in drinking vater, U.S. EPA has issued a 

proposeid MCLG of 2,600 wg/L derived froa the AADI of 10,100 yg/L by 

allocat ing a 20 percent drinking vater contribution to total intake from 

all sources of exposure (U.S. EPA 1985c). Subsequent to flnalization of 

the MCIfG, U.S. EPA vill evaluate analytical feasibility and feasibility 

of control in establishing an enforceable HCL. 

Criteria. In the absence of adequate dose-respoose data for oral 

exposure to toluene, U .S . EPA derived a 1-day HA, based on a NOAEL of 
3 

377 mg/m reported in studies of huaans, the subjects of single 

Inhalation exposures of up to 8 hours. Based upon the NOAEL, an 

uncertciinty factor of 1(X), and a variety of physiological parauneters and 

intake assumptions, U.S. BPA derived 1-day HAs of 18,000 yg/L and 63,(X)0 

yg/L for a 10-kg child and 70-kg adult, respectively (U.S. EPA 1985d). 

In the absence of sufficient data, U.S. EPA derived 10-day HAs of 

6,000 ng/L (child) and 21,000 yg/L (adult), by applying an uncertainty 

factor of 3 to the 1-day HA. The agency utilized a three-fold, rather 

than the usual 10-fold, uncertainty factor because tcLuene is rapidly 

distributed and excreted, anc because the chemical presents little bio

accumulation potential relative to typical toxicants (U.S. EPA 1985d). 
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Tie U.S. EPA ambient vater quality criterion for the protection of 

human lealth is 14,300 yg/L (U.S. EPA 1980b). 
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1,1,1-'.:RICHL0R0ETHANE (TCA) (CAS NO. 71-55-6) 

Environmental Chemistry and Fate 

The relevant physical and chemical properties and environmental 

fate of. 1,1,1-trichloroethane are summarized belov (U.S. EPA 1986a). 

Molecular weight 133 
(g/mol(!) 

Vater jiolubility 1,500 
(rag/L fit 25''C) 

Vapor pressure 123 
(mmHg jit 25''C) 

_2 
Henry's; Law Constant 1.4 x 10 
(atm-m"/mole) 

Log K 2.5 

* ov 
K 152 
oc 

BCF 5.6 

1,1,1-trichloroethane (TCA) can be characterized as having a high 

vater siolubility, a high vapor pressure, a high Heniry's Lav Constant, 

and a oioderate K . The high vapor pressure smd moderate K indicate 

that volatilization vill be a aajor transport pathvay in surficial 

soils. In subsurface soils, the high vater solubility and aoderate R 

indicate that transport to groundvater represents a major pathvay, and 

once the vater table is reached, cheaical transport vill be aoderately 

retardetd relative to the groundvater flov. The high vapor pressure, 

high Bcmry's Lav Constant, and high vater solubility indicate that 

volatilization froa surface vater vill be a najor transport pathvay. 

Noncarcinogenic Effects 

Thie principal noncarcinogenic effects of 1,1,1-trichloroethane 

(TCA) iolloving exposure in cinimals and man are depression of the CNS, 

increase in liver veight, and cardiovascular changes. Currejit data do 

not sujigest that TCA is a reproductive or developmental toxin. 

U.S. EPA has developed a risk reference dose (RRfD) of 0.35 
3 

mg/kg/clay based upon a NOAEL of 1,365 mg/a reported in a study in vhich 

5-93 



nice vere exposed by inhalation for 14 veeks. U.S. EPA derived the RRfD 

by application of an uncertainty factor of 100, a 30% absorbed dose, and 

standard physiological paraaeters (U.S. EPA 1985g). 

Carcinogenicity and Mutagenicity 

There have been tvo TCA carcinogenicity bioassays. The first, con

ducted by NCI, vas judged to be inadequate due to poor survival in 

treated aniaals. Preliainary results of the second, by NTP, shoved 

elevated incidences of hepatocellular carcinomas. These initial results 

have been questioned auid the study is currently being audited (U.S. EPA 

1985b). Based upon these results, U.S. EPA has classified TCA according 

to veight-of-evid«ice criteria in Group D, not classifiable—inadequate 

human and animal evidence of carcinogenicity (U.S. EPA 1987a). 

Drinking Vater Standards and Criteria 

Standards. O.S. EPA has established a drinking vater MCL for TCA 

of 200 yg/L. 

Criteria. U.S. EPA has developed a 1-day HA based upon a LOEL of 

1.4 g/kg/day reported in a study of rats receiving a single oral dose of 

TCA. Based upon the Lovest-Observed-fiffeet Level (LOEL), and standard 

veight and intake assumptions, U.S. EPA derived a 1-day HA of 14,000 

yg/L for a 10-kg child (U.S. EPA 1984d). In the absence of sufficient 

data, U.S. BPA has not developed a 10-day HA. U.S. EPA has developed 

longer-tera HAs of 35,000 pg/L (child) and 125,000 yg/L (adult), based 

upon a NOAEL of 0.5 g/kg/day reported in a study in rats receiving TCA 

by gavage for 12 veeks (U.S. EFA 1985d). 

The U.S. EPA lifetiae HA of 2(X) yg/L is equivalent to and vas 

derived by the saae aetbodology as the HCL (U.S. EPA 1985d). 

The U.S. EPA ambient vater quality criterion for TCA for the 

protection of huoan health is 18,700 yg/L (U.S. EPA 1980b). 
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TRICHLCROETHENE (TCE) (CAS No. 79-01-6) 

Environnental Chemistry and Fate 

Tte relevant physical and chemical properties and environmental 

fate ol trichloroethene (TCE) are summarized belov (U.S. EPA 1^86a). 

Molecular veight 131 
(g.'mol<;) 

Vater solubility 1,100 
(ag/L at 25°C) 

Vapor (iressure 57.9 
(aaHg at 25-C) 

_3 
Henry's; Lav Constant 9.1 x 10 
(atm-a~7aole) 

Log K 2.38 
* ov 

K 126 
oc 
BCF 10.6 

Ttie high vater solubility and hi'gh vapor'pressure of TCE indicate 

that vctlatilization vill be the predominant loss aechanisa froa sur

ficial soils. In soils amd groundvater, trichloroethene is degraded to 

cis- and trans-1,2-dichloroethylene, vinylidene chloride, and vinyl 

chloride (ATSDR 1987n). TCE's moderate organic-carbon partition 

coeffi<iient indicates it is aoderately adsorbed to soils, and vill leach 

to groimdvater. In light of TCE's moderate Henry's Lav Constant, vola-

tilizat:ion vill be the major fate process for TCE from surface vater. 

Trichloroethene is only moderately bioconcentrated in aquatic life. 

Noncarcinogenic Effects 

The principal toxicological effect of concern for TCE is carcino

genic! :y. Noncarcinogenic effects include CNS disturbances and kidney 

and liver damage folloving exposure to relatively high airborne concen

trations (ATSDR 1987n). 
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CarcinC'genicity and Mutagenicity 

Six studies of the carcinogenicity of TCE in animals have been 

publislied. Tvo have reported significant increases in liver tumors in 

mice. U.S. EPA has judged three others technically flawed. A sixth 

report«:d that TCE, containing epichlorohydrin aind e"poxybutane, vas 

carcinogenic in a less responsive mouse strain, but pure TCE vas not 

(U.S. LPA 1985b). Recognizing the lower responsiveness of the mice in 

the latter study, U.S. EPA has classified TCE based upon weight-of-

evidence carcinogenicity guidelines in Category B2—probable human 

carcinogen (U.S. EPA 1987a). 

Commercial TCE containing stabilizers has been reported to be 

veeikly mutaigenic in a variety of in vitro and in vivo assays repre-

sentinf; a vide evolutionary range of organisms (U.S. EPA 1985g). Based 

on thene data, U.S. EPA has concluded that commercial TCE may have the 

potential to cause veak or borderline increases above the spontaneous 

level of mutagenic effects in exposed human tissues (U.S. EPA 1985g). 

Drinking Vater Standards 

U.S. EPA has established a drinking vater MCL for TCE of 5 yg/L 

(U.S. HPA 1987a). ' 
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XTI.ENE (Mixed Isomers) (CAS No. 133O-20-7) 

Environaejital Chemistry and Fate 

The relevant physical and chemical properties (U.S. EPA 1986) and 

environaental fate of xylene are suaaatized Belov. 

Molecular veight 106 
(g/mole) 

Vater solubility 198 
(ng/L at 25"'C) 

Vapor pressure 10 
(innHg at 25''C) 

_3 
Henry's Lav Constant 7.0 x 10 
(atm-a /mole) 

Log R 3.26 
•* ov 

K 240 
oc 
BCF NA 

Based upon vapor pressure and Henry's Lav Constant, xylenes re

leased to surface vater rapidly volat'ilize to the air. Based on the 

R , it can be concluded that xylenes in surface soils bind aoderately 

to soil. In surficial soils, volatilization to air is an iaportamt 

process, and based on their R and aoderate vater solubility, xylenes 

vill slovly aigrate via rain infiltration from unsaturated zone soils to 

groundvater. lylenes are rapidly biodegraded in soils and surface 

vater. In groundvater, the aoderate R indicates that transport of 

xylenes vill be aoderately retarded relative to groundvater flov. 

Pharaacokinetics 

Xylenes are readily absorbed folloving inhalation. In human volun

teers, approximately 64X of the dose inhaled over 8 hours vas retained. 

Jio specific information on the absorption of xylenes folloving oral 

exposure was found in the available literature. However, if xylenes 

behave like other lov aolecular weight aromatic hydrocarbons, more than 

90^ vill be absorbed. Dermal absorption also appears to be a 

significant exposure route for this class of compounds (U.S. EPA 1987). 
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Once absorbed, xylenes distribute throughout the body; the highest 

concentrations are found in the lungs, liver, kidneys, brain, and adi-
j 

pos;e tissue folloving inhalation (U.S. EPA 1987). 

Metabolism of xylenes proceeds via oxidation of the methyl groups 

i and hydroxylation of the aromatic ring. Methyl hippuric~acid appears to 

be the predominant metabolite amd is excreted mainly in the urine (U.S. 

i EPA 1987). 

Noncarcinogenic Effects 

At high airborne concentrations, xylenes produce CNS effects as 

I evidenced by changes in encephalographic pattern amd reduction in 

numerative ability and short-tera memory (Gaaberale et al. 1978). 

Savolainen et al. (1980) reported reduction in psychophysiological 

functions in eight male students folloving inhalation of n^-xyloie at 391 
3 

mg/a f3r five consecutive days and one day after a veekend. Inpairment 

of body balamce and mamual coordination vas reported; hovever, toleramce 

against tbe iapaired functions developed during one vorking v e ^ . 

Casarett and Doull (1986) suggested that mixed isoaers of xylene can 

affect the reproductive capacity in aale laboratory aniaals. Iltey also 

reported teratogenic effects on lab abiaals. Hovever, further studies 

are neeled. 

In rats, oral mediam lethal doses range froa 4,300 to 5,000 mg/kg 

(NIOSH 1983); inhalation ae^dian lethal concentrations (four hours) ramge 

froa 20,600 to 29,000 ag/kg. Carpenter et al. (1975) exposed rats to 
3 

mixed x;/lenes at 770, 2,000, or 3,500 ag/m for 6 hours per day 5 days 

per vee'c for 13 veeks. No effects vere noted on body veight gain, 

heaatology, blood cheaistry, kidney or liver weights, or tissue histol

ogy at either 777 or 2,000 ag/kg. At the highest concentration, one rat 

exposed for 7 veeks shoved slight kidney tubular degeneration, and at 13 

veeks t:ie response vas noted in rats in a non-concentration-related 

manner. 

Jenkins et al. (1970) subjected rats, guinea pigs, monkeys, and 

dogs to repeated exposures (30) of 3,358 mg/m or to continuous 
3 

inlialatior exposure of 337 ng/m for 90 days. One of the dogs exhibited 

trcsor.-3 of varying severity throughout exposure. No significant changes 
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occurred in body veight, hematology, or in histopathological examination 
3 

in aninals exposed to 337 ag/m . 

Bcvers et al. (1982) reported ultrastructural liver effects in rats 

receiving xylene at 200 mg/kg in the diet for six months. 

Hudak and Ungvary (1978) reported increased incidences of fused 

sternebrae and extra ribs in offspring of CFT rats exposed to 1,000 

mg/m of mixed xylenes during days 9 to 14 of gestation. No signs of 

maternal toxicity vere noted. No signs of teratogenicity vere noted in 
3 

offspring of Charles River rats exposed to 0, 430, or 1,720 mg/m 

xylenes during days 6 to 15 of gestation (Litton Bionetics 1979, as 

cited in U.S. EPA 1987). 

Carcinogenicity and Mutagenicity 

Little data are available on the carcinogenicity of xylene. One 

study exaunined the dermal effects of xylene and concluded that xylene 

was not a skin tumorigen. A long-term carcinogenicity bioassay is being 

conducted by the National Toxicology Program. Pending the findings of 

this study, U.S. EPA has classified xylene according to its veight-of-

evidence carcinogenicity criteria in group D, not classifiable as to 

huraam carcinogenicity (U.S. EPA 1987>'; o-xylene, m-xylene, or p-xylene 

vere not mutagenic in a liaited nuaber of in vivo and in vitro assays. 

Quantitative Indices of Toxicity 
3 

U.S. EPA selected 337 mg/m as a NOAEL based upon the absence of 

significant effects in the study by Jenkins et al. (1970) in vhich rats, 

guinea pigs, monkeys, and dogs vere subject to 90 days continuous ex-
3 

posure. Based upon application of a 20 m /day respiratory volume, an 

assumed absorption factor of 0.64, and 70-ldlograB body veight, U.S. 

EPA derived an estimated total absorbed dose (TAD) of 61.6 mg/kg/day 

(U.S. EPA 1987). 

Based on a Health Effects Assessment document prepared by Environ

mental Criteria and Assessment Office, U.S. EPA, Cincinnati, Ohio, 1985 

(and updated in May 1986), short-term acceptable oral intakes for sub

chronic amd chronic exposures are 0.1 ng/kg/day and 0.2 mg/kg/day, 

respectively. Hovever, the short-tera acceptable inhalation intaJce for 

subchronic exposure vas calculated to be 0.69 mg/kg/day and for chronic 
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ejcposure vas 0.4 ag/kg/day. The proposed MCLG for xylene vas 0.44 mg/L 

(U.S. EPA 1985c). 
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CONCLUSIONS 

6 . 1 IN'mODUCTION 

This section presents the findings of the SS coiiducted at the U.S. 

Scrap site. 

6.2 FINDINGS 

Th<> findings of the SS relate to site geology, surface soil con

taaination, subsurface soil contaaination, surface vzter and groimdvater 

contaaination, contaminant migration amd fate, amd receptor iapact, and 

are reported in this section. 

6.2.1 (Seology 

• The subsurface geology at the U.S. Scrap site consists of a 

glacial till unit identified as the Vadsvortft. aeober of the 

Vedron Formation, vhich is underlain by a Silurian doloaite 

unit of the Racine Formation. The Racine FfMnnation is the 

uppermost bedrock unit under the site. 

• The Vadsvorth till can be divided into an upper, veathered, 

dark grayish-brovn till and a lover, unveathered, dark gray 

till. Both till members vere continuous across the site. 

• The Vadsvorth till consists of silty clay near the surface 

amd increases in grain size vith depth to a clayey or silty 
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sand. The total thickness of the Vadsvorth till is 52 to 

62 feet at the site. 

• Evidence of fractures, macropores, soil joints, and root 

channels vas observed in the upper, veathered till'.~ Tvo 

types of fractures vere observed, small-scale (1/2 to 1 

inch), vhich generally occur near the surface, and large-

scale (1 to 2 inches), vhich vere generally identified at 

an averaige depth of 5 to 30 feet. 

• The unveathered till is characterized as massive dovn to 

bedrock vith no fractures observed. 

• Bedrock in the vicinity of the site is identified as 

Silurian-age Racine Formation, vhich consists of a light, 

greenish-gray to gray, fine-grained, argillaceous, amd 

calcareous dolomite. It is generally thin- to medium-

bedded and contains minor bioturbation and fossiliferous 

zones throughout. 

• The upper 5 feet of the doloaite is highly fractured and 

veathered. 

• Subvertical and subhorizontad fractures vere observed in 

one boring amd vere filled vith a greenish-gray clay. 

• The bedrock surface slopes in a north-northeast direction 

tovard an east-vest trending bedrock valley knovn as the 

Hadley Valley, located approximately 1.5 miles north of the 

site. 

• Fill appears throughout the area of the site and is a 

heterogeneous mixture of samd, gravel, and clay vith an 

intermix of demolition debris (bricks, concrete, vood, 

etc.) that vas probably derived from the destruction of the 

old Baiting plant. Fill materials vere used for filling in 
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surface depressions and for covering vaste material and 

drums deposited in on-site impoimdments. The thickness of 

the fill material varies from 0 to 25 feet; significant 

thicknesses of more than 20 feet vere observed in areas 

south of the concrete silos and north of the loading dock, 

which correspond to the burn areas. 

• The fill materials found off-site, north of the site 

perimeter fence, vere composed mostly of demolition debris. 

In addition, fill material vas also observed in a sub

surface boring on MSD property. This fill material is 

thought to be related to the construction of MSD 

facilities. 

6.2.2 Surface Soil Contamination 

• Results of TCL and TAL amalysis of coaposite amd discrete 

surface soil saaples indicated videspread organic and in

organic contaaination vithin and beyond the site perimeter 

fence at the U.S. Scrap site. 

• Of organic contaminamts detected in on-site cooposite and 

off-site discrete saunples, volatile organic coapounds had 

the most restricted distribution. 

• On-site discrete soil samples indicated relatively high VOC 

concentrations, vhereas coaposite saaples collected in the 

saae areas indicated lov concentrations or no VOCs. 

• The highest VOC concentrations in composite saunples vere 

froa areas that coincided vith the north amd south burn 

areas. 

« High VOC concentrations off-site were limited to one sanple 

collected east of the site in an area vhere vaste had 
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accumulated on the surface, and one leachate saaple 

collected vest of the site. 

• Concentrations of semivolatiles vere high in composite and 

discrete sanples vith no discerhlhle t'rehds in dlrstribip̂ -

tion. PAHs, phthalates, and phenols constituted a large 

percentage of the semivolatile concentrations. 

• Pesticide concentrations vere relatively evenly distributed 

across the site and off-site. The only areas indicating no 

pesticide contaaination vere locations southvest and north 

of the site. Endrin, Endrin ketone, Chlordame, 4,4'-DDT, 

4,4'-DDE, Endosulfan II, Aldrin, and alpha BHC vere all 

detected in on-site soils, vith Chlordame, 4,4'-DDT, and 

4,4'-DDE being the only compounds also found in off-site 

soils. The coapound 4,4'-DDD vas found in off-site soils 

only. No discernible trend appears to exist in the areal 

distribution of pesticides. 

• PCB contaaination is videspread at the site and surrounding 

area. The presence of Aroclor 1260 is liaited to areas 

north of the site near the entramce gate, amd on-site to 

areas south of the concrete silos and east of the in

cinerator. PCB contaaination in all other areas on-site is 

attributed to Aroclor 1254. On-site discrete samples, 

hovever, indicated no PCB contaunination. 

• Inorganics vere distributed over the entire site. An

timony, lead, cadmium, mercury, amd cyanide vere detected 

in concentrations above normal soil levels. 

• Antinony vas found in the southern portion of the site. 

The highest concentrations vere detected south of the 

loading dock area. 

6-4 



• Mercury contamination vas videspread across the site, and 

no trend of contamination could be discerned. 

• Cadmiua contamination vas videspread throughout the site. 

Samples DS14 and DS15 contained the highest concentraTiofis" 

of cadaium. 

• Off-site cadmium contaaination vas restricted to areas east 

and south of the site. Cadaiun vas also detected in 

leachate saaple DS18. 

• I,ead distribution on-site vas videspread, vith the highest 

concentrations being detected in the northern half of the 

site, particularly north of the lagoon. Off-site, lead vas 

detected in lov areas east and south of the site and in 

leachate saaple DS18. 

• The presence of cyanide in surface soils vas extensive 

across the site vith no tr^d in concentration observed. 

Off-site, cyanide vas detected in soils east and south of 

the site. Ho association appears to exist betveen cyanide 

detected in surface soil saaples and hydrogen cyanide 

detected in the soil gas survey. 

6.2.3 Subsurface Soil Contaaination 

• Results of TCL and TAL analysis of subsurface soils indi

cated videspread organic and inorganic contamination in 

subsurface soils. 

• Off-site subsurface soils shoved higher VOC concentrations 

than those present in surface soils, but lover semi-

volatile, pesticide, and PCB concentrations-

• VOC concentrations in saaples froa borings FIL0102-01 

(SSOl, SS02, SS03) and FIL0102-12 (SS14, SS15) decrease 
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vith depth, vhereas VOC levels in samples from borings 

FIL0102-O5 (SS05, SS06) and FIL0102-07 (SS07, SS08) 

increase vith depth. 

• Lov VOC concentrations in subsurface soils"were noted — 

northeaist of the site (SSll, SS12). 

• Senivolatile concentrations in subsurface soils are much 

lover than concentrations detected at depth in borings 

FIL0102-01 (SSOl, SS02, SS03), FIL0102-07 (SS07, SS08), and 

FIL0102-12 (SS14, SS15). Also, concentrations increased 

vith depth in boring FIL0102-05 (SS05, SS06). PAHs and 

phthalates constitute a large portion of the semivolatile 

concentrations detected. 

• No apparent trend exists in the areal distribution or 

vertical distribution of VOCs and semivolatiles. 

• Pesticide contamination in off-site subsurface soils is 

atlaost nonexistent. The only pesticide detected vas 

4,4'-DDT in SS05 collected froa boring FIL0102-05. 

• The only PCB detected in off-site subsurface soils vas 

Aroclor 1248, vhich vas found in boring FIL0102-01. The 

only location of Aroclor 1248 contaaination in surface 

soils vas an area northeaist of the site outside the 

entramce gate. 

• The sanple collected from the abandoned production veil 

indicated gross VOC, semivolatile, pesticide, and PCB 

contamination; hovever, this sample could have contained 

contaminated surface soils that had eroded into the veil 

and pure vaiste, vhich may have been deposited directly into 

the veil. 
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• Cadmium and lead vere the only inorganic constituents de

tected in concentrations higher than vould be found in 

typical subsurface soils. 

• No areal oF^ertical trend in aigh cadmiua concentrations 

appears to exist. 

• High concentrations of lead vere detected in subsurface 

soils at shallov depths north of the site (SS13, SS14); 

hovever, both of these samples vere collected close to the 

road, vhich may account for the excessive amounts of lead. 

6.2.4 Surface Vater and Groundvater Contaaination 

• Organic surface vater contaunination is aainly confined to 

the on-site lagoon and trough. 

• Pesticides vere detected in the on-site surface vater 

saunples, but at levels no higher than 2 ug/L. 

• No PCBs vere detected in amy surface vater saaples. 

• TAL analytes vere videly distributed off-site and the 

highest concentrations vere detected in tbe northern pond 

of the HSD vetlamd area. The on-site lagoon and trough had 

much higher concentrations than the off-site ponds. 

• TAL analytes detected on-site that are considered to be of 

man-made origin include lead, lithium, strontiua, and 

cyanide. These analytes are assuaed to be of aan-made 

origin because the levels at -vhich they vere detected vere 

higher than levels found in typical soil of the region. 

• Two groundvater aquifers vere identified during the SS, a 

shallov glacial till aquifer, and a deep bedrock aquifer. 
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• The aajor TCL contaunination of groundvater vas detected in 

the shallov aquifer. Only small amounts of toluene, 

methylene chloride, and acetone vere detected in the deep 

wells, and these are probably laboratory artifacts. 

• TCL contamination of groundvater vas detected on-site amd 

in the veils immediately east of the site. This situation 

may indicate that groundvater contamination is migrating 

eastvard at a very slov rate. 

• TAL contamination vas observed in both shallov and deep 

aquifers. 

• The aajor TAL contaminamts detected in the shallov aquifer 

vere nickel and chromium, vhile the major TAL contaainants 

detected in the deep aquifer vere lead and chromium. 

• Mercury amd cyanide vere detected in on-site veils only, 

vith cyanide being detected only in the Round 1 saaples. 

6.2.5 Contaainant Migration and Fate 

Contaminant sources amd migration pathvays are reported in this 

section. 

6.2.5.1 Sources 

• Multiple contaainant sources vere on-site and outside the 

fenced site area. Three priaary source areais vere identi

fied during the study. These areas coaprise tvo pit areas 

capped vith clay during the TAT response to the 1985 fire, 

and a third pit area north of the site discovered during 

FIT activities in 1987. 

• Soil sampling and visual observations nade during test pit 

excavations shov the contaunination to be a result of 

dumping activities. 
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• Composite and discrete saunpling of surface soils amd sub

surface soil sampling revealed extensive TCL compound and 

TAL analyte contaunination in and around the site. 

• High VOC and hydrogen cyamide concentrations detected 

during the soil gas survey aay be linked to the 1985 fire, 

vhich necessitated the TAT response of trapping the two burn 

areas with clay. 

• Samples collected froa the one abandoned veil that vas lo

cated on-site contained gross contamination. A bail test 

performed on this veil has indicated the potential for 

groundvater recharge. The potential exists that the con

tamination found in this veil is from contaminated ground

vater. 

• Observations of damage to a aonitoring veil installed 

during a previous investigation (STS 1982) indicate that 

this veil may be a potential contaaination pathvay because 

of the extent of the damage amd the lack of veil security. 

6.2.5.2 Migration Pathvays 

• Four pathvays for contaaination aigration vere identified 

at the U.S. Scrap site. These are groundvater, surface 

vater, direct contact, and air routes. 

• Groundvater has been identified as one of the tvo principal 

migration pathvays. Contaaination has been identified in 

the upper vater-bearing till layer through sampling of 

shallov groundvater veils. Contaninants entering the 

groundvater have migrated off-site through fractures and 

higher conductivity layers vithin the Vadsvorth till. 

• Contaminamts are expected to migrate laterally avay from 

the site in the prevailing groundvater flov direction. 
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Vertical aigration is dependent upon the soil amd the hy

draulic properties of the till. Vertical migration appears 

to be occurring because TAL analytes vere detected in loth 

aquifers. The maximum horizontal groundwater velocity is 

approximately 38.6 feet per year. The'veirfl'cai velocity is 

considered to be somewhat less. Contaminants migrating to 

the east or the southvest vill be collected by the MSD's 

artificial drainage system. 

• Sampling of a monitoring veil installed in boring 

FIL0102-09 amd finished in the unveathered till and 

doloaite of the lover vater-bearing unit indicates that 

this unit is a potential contamination pathvay. Con

taminants in this unit are expected to migrate in a south-

vesterly direction, in accordance vith the predominamt 

groundvater flov. 

• Due to the small amount of topographic relief, the surface 

vater pathway is not expected to affect the major vater 

bodies in the area, the Little Calumet River and Lake 

Calumet. Stained soil east of the site, hovever, does 

indicate occasional overflov froa the site. 

• The possibility of persons coming into direct contact vith 

TCL compounds or TAL analytes at the U.S. Scrap site is 

high. Though tbe site is fenced, evidence indicates that 

people and amioals can easily gain access to the site. 

Once on-site, persons are likely to be in direct contact 

vith pure vaste, contaminated soils, or contaminated 

surface vater. 

• Contamination vas detected outside the U.S. Scrap perimeter 

fence. KSD employees may come in contact vith TCL com

pounds and TAL analytes in the soil, surface vater, or 

leachate seeps. Other vorkers (e.g., gas or telephone 

company eaployees) could be exposed through direct contact 
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vith contaminated soil, surface vater, or groundvater vhile 

vorking in the vicinity i t the site. Animals traversing 

the MSD vetland area to :he vest of the site could be ex

posed through direct contact vith the contaminants. 

The air pathvay of contaminant exposure at the U.S. Scrap 

site consists of the volatilization of VOCs, PCBs, and 

pesticides; and airborne dust laden vith PCBs, pesticides, 

heavy metals, and PAHs. Soil gas surveys confirmed the 

presence of VOCs and hydrogen cyanide in the near-surface 

soil. 

6.2.6 Ĥeceptor Impact 

The primary groundvater receptors are humans and vetlamd 

areas that come in contact vith contaainated groundvater. 

The secondary receptors are amimals amd birds that may be 

contaminated by exposure to surface soil or surface vater 

contamination. Exposure to humans and local fauna could 

occur through dermal adsorption, inhalation, or ingestion. 

Huaam receptors are persons vhose drinking vater is sup

plied by groundvater veils finished in either the upper or 

lover vater-bearing units; aind MSD eaployees, excavators, 

or other vorkaen vho oay contact contaainated groundvater 

during the course of their vork. Groundvater exposure 

through the use of shallov or deep veils, hovever, is 

highly unlikely, based on a reviev of vater usage vithin a 

3-aile radius of the site, vhich indicates that all resi

dents rely on Lake Michigam for vater supplies. 

Surface vater receptors are humans or local fauna that come 

in contact vith vater or sediments from the MSD ponds, the 

on-site lagoon, or drainage ditch, or overflov from these 

sources. Surface vater contamination could also affect 

huaams vho ingest the flesh of animals or vaterfovl hunted 

jmd killed on-site. Hunting activities vere directly 
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observed during FIT site activities. The animals that 

frequent the vetlands and the site may be bioaccumulating 

contaminants that could cause exposure to persons wio eat 

meat from these animals. 

• There is a high probability that MSD vorkers could come in 

direct contact vith contaminated surface soils at the MSD 

properties both east and west of the site. Strict security 

at both of these MSD properties prevents the general public 

from coming in contact vith contaminated surface soils. 

Though a fence exists around the site, anyone breaching the 

fence vill have a high probability of being exposed through 

direct contact vith the contaminated soils or other 

surfaces. 

• Due to the soil composition amd the lov contaminant con

centrations off-site, local residents and customers of 

local businesses do not appear to be affected by volatili

zation of contaminants in the groundvater. Excavation 

vorkers and HSD eaployees vorking in or around the drainage 

ditch vould be at risk from the air route. Inhalation of 

PCB-laden dust vould expose aore people than vould the 

inhalation of volatilized groundvater contaminants. Air 

aonitoring for particulates vas not part of the approved 

U.S. EPA Vork Plam, so it is not knovn vhether total con

centrations of airborne PCBs exceed the OSHA occupational 

exposure liaits. 

• Surface vater sampling indicated that contamination vas 

present in samples collected vest of the site, in the 

on-site lagoon, and in the trough at the loading dock area. 

• High volatile orgamic contamination was detected in the 

trough and the on-site lagoon samples. No PCBs were 

detected in either the trough or the lagoon. 
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• KSD ponds that vere sampled shoved liaited VOC and only 

slight semivolatile contaaination. 

• Inorganics vere detected in all the surface water samples 

collected west of the site, and in the lagoon aind trough 

samples. Heavy metals vere prevalent in samples collected 

in these three areas. Cyanide vas only detected in the 

trough samples. 

• Monitoring veil samples revealed organic contamination of 

the groundvater in the shallov and the deep aquifers. The 

concentration of contaminants detected in the deep veils 

vas lov enough that the contaminants vere considered to be 

artifacts. 

• VOCs present in groundvater vere detected in the veils 

on-site. Only tvo off-site veil samples (GV04 and GV27) 

indicated high VOC contaaination. One of the tvo veils is 

located immediately adjacent to the on-site lagoon; the 

other is directly north of the site. The only high 

concentrations of semivolatiles vere detected in the 

on-site veil samples, and off-site veil sample GV04. No 

pesticides or PCBs vere detected in amy of the off-site 

veils. 

• Heavy aetal contaaination vas liaited in the groundvater 

saaples obtained, vith nickel and chromium being the most 

abundant constituents. Cyamide vas detected in three veils 

at a concentration no greater than 27 yg/L. 

6.3 C<»NC].USIONS 

The folloving conclusions are based upon the physical and chemical 

da:a cciliected during this and previous investigations at the U.S. Scrap 

sire. 
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• The results of subsurface saapling conducted daring drill

ing activities indicate that the geology in and around the 

site is made up primarily of glacial till that is approxi

mately 60 feet thick. The till is composed of silty clay 

with some sand, to d¥yey, silTy "sand. This till overlies 

fine-grained, argillaceous, and calcareous Silurian 

dolomite. 

• Groundvater occurs at the site in tvo separate units, the 

upper and the lover vater-bearing units. The upper vater-

bearing unit is unconfined and comprises the upper 10 to 30 

feet of the glacial till. This unit is underlain by ap

proximately 25 to 35 feet of more clay-rich till that acts 

as a vater-retarding unit. The lover vater-b^ring unit is 

doloaite bedrock. This unit is a confined aqudfer. 

• Groundvater flov in the upper vater-bearing unit is radial, 

avay from the site, and is controlled mainly by fractures, 

silty zones, amd structural features in the till. The 

radial flov is believed to be a result of groundvater 

Bounding beneath the site. The Bounding is caused by pre

cipitation, runoff, amd drainage-derived vater becoaing 

trapped vithin the fill material. This unit is contiiiuous 

the site. 

• Groundvater in the lover vater-bearing unit flovs in a 

southvesterly direction. The groundvater flo'v is con

trolled by fractures, vugs, amd the veathered zones vithin 

the upper 20 feet of the bedrock. Flov may also be related 

to the bedding planes, vhich dip to the south. Potentio

metric measurements indicate that the hydraulic conductiv

ities in the bedrock are average for this type of rock. 

• TCL and TAL analyses of the composite and the discrete 

surface soil samples indicate videspread orgaaic and 

inorganic contaaination in and around the site. The 
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highest VOC concentrations vere detected in the tvo burn 

areas. No trends vere detected in the distribution of the 

semivolatile contamination, thcugh contaaination ̂ âs 

moderately videspread. 

• Pesticides vere detected in the surface soil samples 

throughout the site and off-site, vith no discernible 

pattern detected. 

• PCBs (both Aroclor 1260 amd Aroclor 1254) vere also de

tected in and around the site; Aroclor 1260 vas limited to 

the areas north of th'e site entramce. 

• Results of inorganic analyses indicated concentrations of 

heavy aetals on-site and off-site. Lead appeared in the 

highest concentrations throughout the site. Lead vas also 

detected off-site in the lov-lying areas to the soath amd 

east. 

• Cyanide contamination vas extensive on-site and vas de

tected in saunples obtained froa locations south and east of 

the site. 

• Subsurface soil saaples also indicated videspread organic 

and inorganic contaaination on-site and off-site. 

• Off-site samples indicated increased VOCs and decreased 

senivolatiles, pesticides, and PCBs as coapared to the 

on-site surface soil samples. 

• .Senivolatile contaminants shoved the highest concentrations 

of any of the organic contaminants. These high concentra

tions vere located off-site along the eastern and southern 

perimeter of the site, probably attributable to surface 

runoff in these directions. 
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